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ABSTRACT 

K I N G ,  A.  W .  and 8 1986 S i  te-spe 
seasonal mod es i n  t e r r e s t r  
ORNLITM-9749 nal Laboratory, 
Tennesseel 

A s e t  o f  site-spe 

t r i a l  carbon excha ssembled from 

sources. T h i s  col lect  f a c i l i t a t e  the 

level models f o r  eac 

mes on earth,  f o r  t n i n t o  a global m 

t i o n  i n  the a t  The models are desc 

t detai l  tha t  

ons include t t s  of each model: ( I )  t 

nts ,  ( 2 )  the c een compartrne 

variables t h a t  fluxes. In 

a1 forms o f  the respiration and S 

an the d r i v i n g  varjabl 

will be extrapo level models are 

X V  





una Loa Observa 

an and Hyson 1 

nality, which a Inusoidal ex 

e to the seaso 

trial biomass 

terrestrial e 

smaller amplitude (wi 

tlls (Fung et a l e  

The amplitude o ursions o f  C02 r 

co t at about 5 d data up until t l  

, and Wartenbu apparently in hat 

acastow and K tow et a l .  19 

possible exp phenomenon, ased 

o f  carbon in or faster CO 

nthesis. 

s far as possi ects o f  increas 

climate are concerned, t ariations in at 

i nor importance. on this seaso 

e r i c  carbon f l  

g effort to de i t y  may improve 

understanding of  the le in the f o l l  
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help determine i f  t h e  increas ing  am litr~de o f  t h e  seasonality o f  

sspherie CO* concentration ~~~~~~~~~ e t  a l .  1981) i s  re1 

effects that could be o f  laag--&e 

high rates o f  rrestrial photosynthesis; ( 2 )  it contribute t o  our 

knowledge o f  w $her various terrestrial ecosystems are  acting as 

sources ~ t -  s i n k s ,  and whether c l i  t i c  changes could alter the present 

situation; ( 3 )  it may contribute t o  our understanding o f  the  seasonal 

cycle as a possible itor o f  Biatic metabolism a n d  provide insight 

into t h e  health and productivity o f  the biosphere  (Hall, Ekdahl, an 

Wartenburg 1975). 

por tance ,  such as C02-sti 

Mathematical mo ing efforts t o  describe t h e  seasonality o f  

rsach the  prshlem in a number o f  different ospheric C02 may 

ways: (1) Empirical relationships can be derived between the  

seasonality o f  photosynthetic and respiratory f l u x e s  an 

variables. Phis ethsd usually makes no a t t  p t  t o  model the 

terrestrial standing crops. (2) Standard iz  nt models can 

be applied t o  each biome, life-zone t y p e ,  o r  latitudinal zone. These 

els may be si l e ,  containing sever a s s  and soil variables 

averaged o v e r  each o f  t h e  zones. ( 3 )  Models ~ l ~ ~ a ~ ~  developed f o r  

specific sites may be ~ o ~ r ~ ~ ~ ~  an ified so t h a t  t h e y  apply to 

s t h a n  the particular sites F i c h  they were originally designed.  

Each o f  t h e  above procedures has advantages and disadvantages. 

will discuss here the relative advantages and disadvantages o f  approach 

( 3 ) ,  t h e  elaboration o f  site-specific rno 
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Advantages: 

. 1 .  d e l s  have a1 

2, 

0 tage: 

T h i s  r e p o r t  docu e - s p e c i f i c  mode 

1 incorporated sonal carbon 

a l s o  o u t l i n e  a method f o  

v e l  models. 
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OD E L. c 0 I, 1. E 6 T I ON 

M y  o f  a s e t  o f  t e r res t r ia l  carbon f l u x  models is 

possible by t h e  recent  appear-ance o f  a number o f  volumes synthesizing 

the  extenslve data collected during t h e  International Biislogical 

Program (IBP). Exa les include GO pilations o r  su 

information on forests (Re ich le  1981), grasslands (Bremeyer a n d  

Van Dyne 1980), arid lands (Gc~adall an erry 1979), and tundra 

(Wellgolaski 1975) .  Although t h e s e  $18 s do not contain 

cletalled seasonal information, many o f  t he  pr lmary  sources w 

they  are based do contain such information; y o f  t h e  116 I B P  sites 

compiled by De gel is, Gardner, and Shugart  (198'1 a r e  goo 

on seasonal terrestrial carbon f luxes  has been 

compiled t o  serve as a compact source far constructing, modifying, and 

els o f  seasonal terrestrial carbon fluxes (King  and 

e n d i m  includes uch o f  t h e  a v a i l a b l e  I B P  

s ther  literature sou~p"ces. The data  are 

urwt o f  data col"lecte nY 

site-specific models o f  seasonal car ow dynamics have been constructed, 

b o t h  w i t h i n  and outside t h e  various I B P  p r o j e c t s .  These models a r e  

a l s o  reviewed by King and DeA e l i s  (1985).  a s t  o f  t h e  m9adela a r e  

process-oriented C Q  tmewt models. Seasonality i s  built i n t o  t h e  

irical information on phenology and mechanistic 

d r i v i n g  o f  photosynthesis, respiration, and decomposition by cli 

v a r i a b l e s ,  These m e l s ,  and o t h e r s  like t h e  Io are being scrutinized 



f o r  r a p p l i c a b i l i  n 

f t h e  terrest 

l e c t i n g  s i t e -  r u l t i m a t e  i n  n 

ov d e l  o f  g l o b  i r e c t e d  our 

f t e n  major ec t r o p i c a l  r a l n  f o  

de f o r e s t ,  tempe es t ,  temperat 

ev f o r e s t ,  tempe o p i c a l  grass1 

no o n i f e r o u s  f , a r i d  lands, 

C O  ( p i n e )  forest,  i l e d  s e t  o f  m 

t i v e  models f em types ( o r  

The c r i t e r l a  u c t i o n  process a r e  

below. 

1. b i l i t y :  The s e n t a t i v e  mod 
number o f  su r some ecosys 

r i a t e  models o thers ,  such 
ands, t h e r e  i ge s e l e c t i o n  o 
ome aspect o f  

2. c d r i v i n g  v a r i  which seasona 
cs a r e  d r i v e n  y i n g  c l i m a t i c  
d. For exampl migh t  be mode 

o i s t u r e .  flod 
ime-varying r 
t a  s e t  a re  no 

(Sect.  3 ) .  
ion c r i t e r i o n  nds o f  the s i t  

3 .  c i t y :  P re fe re  o d d s  w i t h  re1  
v a r i  ab1 es and s t h e  s t a t e  va 
t i v e ,  such as Thus, exc 
a i l e d  models a 



4 .  

5. 

6. 

dels  chosen a r e  those t h a t  t r  
Hation o f  C O 2  via 

g rcspiratiow and organ 

independently der 

ral applicability: Preference is g i v e n  to those on 
already been applied to t w o  o r  more s i t e s  w l t h i n  

, in contrast t o  those odels having been 
only one site o r  ve i o n  stand, T h i s  CP 
distinguishes betwe dels developed for  

eve1 oped with y a single s i t e  i n  

QdelS t h a t  hi3V been validate 
se far  which m el outpu t  has 

ainst field o b s e r v a t i o n s .  



section dese -specific mode 

d on the  corn 

d e b  are on1 

t h a t  we have iden i a l l y  useful (ace 

c r i t e r i a  o f  Sect,  1 ) .  We e era1 more mod 

e be imgleme 

Model descrlptio rtmental stru e 

rtmental c a r  es ,  the c l i  

d the way i n  forces are  a 

x e s .  Special e the e f fec t  

elease of C 

c r i t i c a l  i n  

etween the a t  e t e r r e s t r i a l  bJ 

d by the models, 

c o n t r i b u t i o n  

t ions a re  the 

ered i l l u s t r a t i  s t i c  o f  the 

re1 i m i  nary. 

RATE DECIDUOUS FO - LIRIODENDRON ST 

A model o f  organic m i n  a second-gro 

f o r e s t  a t  Oak Ridge, Tenne veloped by Sol 



Olson (1973). 'Thls fores t  ecosystem -0s dominated by t h e  tu11 

LiriodendrQa tulipif- &. The purpose o f  their 

t he  ability to predict the e f f e c t s  o f  f o r e s t  pe 

aanal carbon dyna ics in forests f o r  which 

believe t h e  rn e l  t o  be appropriate .  

2.1.1 S t r u c t u r z  o f  t h e  

del is shown in F i g .  2.1.143. There are  f o u r  subsystems: 

(2) subsyst iscellanesus canopy s p e c i  s ( F i g e  Z l . l & ,  

.- understory s p e c k s  ( F l g .  L 1 . 1 ~ ) ~  and 

( 4 )  subsystem D - sail, litter, and deco sers (Fig, 2.1.1d). 

The s t a t e  variables correspon ing to t h e s e  cornpart e n t s  are list 

, Values o f  all s t a t e  var-iables are in units o f  kilogra 

e te r .  These do n o t  c o  ly correspond t o  t 

compartments in F i g ,  2.1.1 in a o n e 4  

XI - tulip poplar leaves 
X2 
X3 - t u l l p  poplar 
Xq tzn l ip  poplar 
Xg - o the r  overstory leaves 
XQ 

- tulip poplar active t i s s u e s  

- a t h e r  overstory active tissues 
x7 - Other  OVerStQrgd WOOd)! t i S S l l e S  
xg - o t h e r  o v e r s t o r y  buds 
xg '_ understory leaves 

XI1 - 11nderstory woedy t i s s u e s  
X ~ Q  ..- understory a c t - i v e  t i s s u e s  

Xi5 - canopy consume~"s 
X ~ Q  .- fine roots  
X17 ..- quickly decomposing 81 layer 
XI8 .- slowly deco pos ing  01 layer 



Fig . l a .  Cornpart 
model - 
four ma 
compart 
respi  ra 

R 
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11 

I 

ORNLJTM-9749 

ORNL - DWG 72-6629 

Fig.  2 . 1 . 1 ~ .  

Reichle, and 



1 2  

0 72-12 

F i g .  2 * 1 . 1 d e  e n t a f  st ructure  of t h e  Be & x i ~ u Q u s  fQrwt 
s t a n d ,  lltter and soi l  

artments. Decomposer organisms a r e  
ined w i t h  t he i r  s u b s t r a t e .  W, below 

r e s p i  s a t l o n .  Fro So’l l l ins, Reichle, and 
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a r e  t h r e e  ex 

D a i l y  va lues o f  s o l 1  m a t u r e  a r e  Snt 

t h e  computer 

data.  An average va iu  t y  i s  taken d 

seasun 

2.1 .1 . 3  The f lows o f  

d t o  t h e  ar 

f u n c t i o n a l  r e p  

l v e d  a r e  descr ibed i n  I) Reich le,  and Olso here 

de t h e  f l o w s  and f u n c t i o n a l  

n Sect.  2.1.1.  

1 f r o m  compartment 

men t ex t e rna  1 11 f lows i n t  

d F ( 9 9 , j ) ,  and a 

F(i,99). I n  t h e  l i s t  

are constants ;  t h e  Gi' 

er year. 



Tulip poplar trees 

14 

- photosynthesis o f  I ~ w ~ s :  (1 - W-Q)GA 
-I translocation a f  srgasnlc 

t o  a c t i v e  t i s s u e :  A I ~ X ~  
- consumption o f  leaves: A ’ i 5 2 C ~ X l  
- frass p r o d u c t j o n :  (1 -.- A 1 5  
- litterfall ~ C I  quickly  de^^ 

- respiration o f  leaves: R4 
- translocation o f  o rgan ic  e r  f r om a c t i v e  

- translocation sf  organic  mat te r  from active 

- translocation sf organic matter f r o  

- respiration o f  a c t i  t i s s u e s :  R 2 I F j X 2  
- t r a n s f e r  t o  stand’sn 
- limbfall t o  quickly 

tissue t o  leaves: +zl  

t i s s u e  t o  buds: A ~ K J F T X ~  

tissue t o  fine roots: A216M2 

to slowly d e c o m p ~ s i n g  Ollayer: 

- transfer o f  ody blamass t o  soil organic 

- respiration o f  buds: R 

Qther o v e r s t o r y  t rees  

- photosynthesis o f  leaves: (1 - W52) 
- translocation of- organic  matter f r o  
active tissues: A F ; ~ X ~  

ption o f  leaves: A152C$g 
p r ~ d u c t i ~ ~ :  (1 - A 1 5 2 ) C ~ X g  

- litterfall t o  

- respiration o f  leaves: RS1FTXs 
- translocation o f  o r g a n i c  m a t t e r  from active 
tissues Os leaves: $65 

- translocation o f  organic matter f r o  
tissue Po woody t l s s u e :  A ~ ~ F T X ~  

- translocation o f  
tissue t o  buds: 

- translocation o f  
tissue t o  f i n e  roots :  Ab11Xb 

- limbfall t o  quickly decornposin 

posing 01 layer: 
A 5 4 9  

iration o f  active tissues: RblFTXg 
s f e r  t o  standing dead: A ~ i i X 6  

t o  slowly decomposing 01 layer: 

- t ransfer  o f  woody b i s  
m a t t e r :  A-p7X7 

i r a t i o n  o f  buds:: 
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layer 60 s o i l  

F(19’99)  - dees 
F(  20,21) -” t ransfer  i l  organ ic  mat ter  

a t t e r  (10-60 cm): 
A2821 x20 

F(20,99)  - decomposer r e s p i r a t i o n  f r o  

I n  t he  fluxes above: 

art 

X i  = value o f  X i  a t  the end o f  t h e  dar 

=: sa i l  moisture ( 

, and Gc (see  S e c t .  2.1.1.4), 
FT (see S e c t .  2.1 .1 .43 .  

photosynthesis func t ions :  ( 1 )  tu l ip  poplar leaves, ( 2 )  sther overstory 

leaves, ( 3 )  understory leaves, a d ( 4 )  ground cover, The f i r s t  t h r e e  

o f  these  functions are similar, so we  how only t he  photosynthesis o f  

tu l ip  poplar leaves,  GA: 

x1 
x1 -4- X 5  

E., I(O)exp[-1000 K l ( X l  + W,)] . ( Z 1 . 2 )  
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Th ynthesi s 

iration [e,g.  ndent on tern 1 

FT 0. - 9 

i s  the tempera e f luxes o f  Se 

The parameters us ed as follows: 

tulip poplar, 
ground cover ,  
ground cover 
understory 1 

del does not  

e r  respi ration. 

c matter f rom t h  

17 1 J . 6 )  

i s  0.2TM [T  = re,  Ivl i s  l i t t e r  

and Q,, i s  the (% wet weight)];  R,7 i s  a 
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a t . t e r  of t h e  quickly decomposing O1 layer, Dec 

losses from th slowly ~~~~~~~~~~g 0 layer and t h e  O2 la 1 

e functional form, although t h e  rates a r e  

different. Decsanposer loss from the uppers sail organic t ter  layer i s  

no t  ~~~~~~~~~ on ~~~~~~a~~~~ and 

proportion o f  t h e  a s s  o f  s o i l  organic m a t t e r  in the Q-BQ-~Q cm layer. 

3sture and is g l v e n  by a constant  

2 J. 2 Seasonal Photosynthe3.j__s and Respiration 

Values of temperature and soil moisture f a r  the Liriodendron site 

a t  Oak Ridge were samp by Sollins, Weichle, and Olson (1973) 

th during 1971. These values were use 

interpolate approximate daily values o f  the functions far 

photosynthesis, G A S  GB, G c ,  and GH, as ell as respiration, 

Graphs o f  total ecosystem photosynthes is  and respiration, as  ate^ 

ulation, are shown in Fig, 2.1.2. The net flux of carbon 

dioxide (respirat-ion minus photosynthesis)  en the atmosphere and 

t h e  f o r e s t  stand is plotted in F i g ,  2.1.3, A positive value indicates 

t h e  stand is acting as a source o f  at 

indicates t h e  stand is acting as a sink. Bio a s s  fluxes generated by 

spheric C02; a neg 

del were conver ted  t o  C02 fluxes using a conversion f a c t o r  o f  

1 g dry weight  = 1.65 CJ C02 (bietk 1 

PERATE DECIDUOUS FQREST EL - OAK/ASH ST 

A model o f  biomass dynamics i n  t h  ed oak-ash Virelles 

Forest, Bel (Andersson et a l e  19739, is the asis o f  a sec~nd 
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0.016 
n 
b 
I -a 

0.01 2 

om0 
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0.004 

0.002 
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F 
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0 10 3 

F i g .  2.1.3. Seasonal net C02 exchange between t h e  atmosphere and a 
L i r iodendron stand.  Net  f l u x  i s  r e s p i r a t i o n  minus 
photosynthesis.  F lux n i t s  a r e  kg C O ~  in-2 ct-1. 
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eciduous f o r e s t  m ersson e t  a l .  (1 

was de ed as par t  o f  a1 Woodlands Wor h l e  

e t  a l .  1973). The ma structed as an annual l inear 

olled constant 1;  seasonality was a 

s o f  subsequent s l e  c t s  were i n t r  

forcings, blstqc d abiotic c o n t r  

s .  The model d i s t i  rees and herbs s n o t  

species o r  plant- i t h i n  these ca s .  The 

model i s  implemented us4 different ia l  equ 

he system com ng the ra te  o f  bioma 

2.2.1 Structure o f  the Model 

2.2.1 . 1 Compartments,. ompartments are d 

2.2.1). S i x  o f  t h  i c a l  divisions d 

a All s t a t e  varia d i n  kilograms biomass per 

he s t a t e  wari ng t o  the corn 

o f  t rees  and 

s o f  t rees  an 
roots o f  t r  

roots of t r e  rbs 

eous 
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HERBIVORES 

I-- 
TWIGS AND 

..... __ 

99 

~ - . - ~  ,-................-. ______ 
STANDING 

DEAD 
WOOD 

X l O  99 

F i g .  2 . 2 , 1 ,  Compartmental s t r u c t u r e  o f  t h e  tempera te  deciduous fores t  
model - oak-ash s tand ,  The F ( i , j ) ' s  i n d i c a t e  t h e  f l u x  o f  
b iomass f r o m  compartment i t o  compartment j .  
99 i n d i c a t e s  a compartment external t o .  t h e  sys tem.  

The nu 
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of the f 

re drjven ex biotic drivin 

1?1 - a soil moisture i 
22 - mean monthly air t 

pirical value les are com m i  

data. 

Switches are also u sonal system 

are identified as: 

herbivory  s 
litterfall s 

- a growing season 

Seasonality i s  a1 ction forcings 

Section 2.2.1.4. 

2.2.1.3 

eem compartments and rom the atmo 

complexity. M constant don 

es. Others are functions or 

are functions of  

ature (see Sect. 

d them can be 

The arrows in F i  flows includ 

ed below. Th 

m. The natati es the flow 

nt i to compa and ri are 

CONS, FALL, ined in Sect. 
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a r e  o l a t e d  from m s 9 s  values, PH ned 

l y i n g  Schulze'  i l a t i o n  value 

mass. Herb 'layer pho 

o f  the herb 1 med t o  be evergreen,  I8 i s  

n thes is  keyed t o  

esis: 

) i s  t h e  monthly e ,  and PHOTA(m) 

hes is  I n p u t  data.  

hotosynthesis  est  thought o f  a 

i o n .  Net da i s  the  d i f f e r  

s s i m i  l a t i o n  an ra t i on .  Lea 

n i  e respt  r a t i o n ,  respect ive1  Y 

a 

(2.2.3) 

W(m) i s  the mo the growin 

) = 4.0 f o r  t h e  

W(m) = O.O), and T 

functlon r e l a  t o  mean month 
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R e s p i r a t i o n  f rom other 1 - i ~  co  e n t s  i s  g iven  by: 

( 2 . 2 . 5 )  

where I-. i s  a cornpart. e n t  s p e c i f i c  constant ,  and TF(m) i s  as 

i n  E q .  2 2 . 4 .  
1 

2.2.1.5 Release o f  carbon through d ~ ~ o ~ ~ o s ~ ~ ~ ~ ~ .  The re lease o f  

carbon as C02 d u r i n g  decomposer metabol ism o f  l i t t e r ,  s tand ing  dead,  

and dead r o o t s  i s  c a l c u l a t e d  by a p p l y i n g  Eq.  2 2 . 5  t o  t h e  decomposer 

compartment , X1 : 

s i s t u r e  index, Z l ( m ) ,  i s  used t o  re 
o f  l i t t e r  l a y e r  leaves and miscel laneous l i t t e r  [ L e . ,  F ( 9 , 1 3 ) ,  t h e  

t r a n s f e r  o f  l i t t e r  m a t e r i a l  to decomposers], b u t  i s  assume 

d i r e c t l y  a f f e c t  t h e  ra te  o f  C02 e v o l u t i o n  by the decomposers (see 

E q .  2.2.6). Th is  assumption i s  based on t h e  I ea t h a t  s o i l  

r a r e l y  1 i m i t s  t h e  r e s p i  r a t o r y  meta mperate deciduous forest 

l i t t e r  decomposers. The amount o f  0 e v d v e d  i s ,  however, a f f e c t e d  

by s o i l  mois ture,  s i n c e  themass o f  decomposers ( X  i n  E q .  2.2.6) i s  

 de^^ on t h e  decomposi t ion f l u x  F ( 9 , 1 3 ) .  

2 

13 

Seasonal i n p u t  data f o r  t h e  d r i v i n g  v a r i a b l e s ,  switches and 

e r e  prov ided by And rsson e t  a l .  (1973).  These were used t o  

o t a l  ecosyste o tosynthes is  and r e s p i r a t i o n  values d u r i n g  
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A plat o f  daily P1 led at 5-d Inter 1s I s  shown in 

2.2. Biomass flu the model were co t a  

es using the conv o f  1 g dry matt 

1978). Seasonal between t h e  f and 

. Net exchange ion 

s photosynthesis. value Indicat d is 

as a source af  a negative value i 

d i s  acting as a s mos co*. 

2.3 HERN CONIFEROUS 

model the sea 

on4 f erous Fore 

deling Group 19 

both the carbon a 

2.3.1.1 mental structur 

i s  shown in Fig. 2.3.1. carbon and wale 

ompartmental trans 

two parts of  the model 

th 

bet compartments . T a r e  d in Sect. 2.3.1.4. 

The state variabl to these Compartments ir 

measurement units are as follows: 
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0.03 
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0.033 
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LQ 0.018 W 
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0.003 
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k- r% 322 

0 10 150 
TIME (JULIAN 

F i g .  2 2 . 2 .  Seasonal total ecosystem photosynthesis ( A )  and 
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nd 2.2.3. Seas e between the 
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p h o t  
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I 99 L 

1 

I I 
I 1 
I I 
I I 
I I 
I I 

I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-- 99 '-1 99 

ORGANIC MATTER 

ORGANIC MATTER 

Fig. 2.3.la. Compartmental structure o f  the northern coniferous forest 
model. Arrows indicate the directional f l o w  of carbon. Dashed 
lines indicate fluxes t h a t  occur  only during perturbation. The 
99's represent carbon sources and s i n k s .  
Coniferous Forest Biome Modeling Group (1977). 

Adapted from 
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! 

Fig .  2.3.1b. Csmpart e northern c o n i f e  
irectional f l  
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(rn3/ha) 
II 

I t  

Xq - s u b s o i l  water  II 

Xg - groundwater s torage II 

Xb - water  s torage on l i t t e r  sur face  II 

X7 - l i t t e r  water  II 

Xg - water  s torage on epiphytes and bark sur faces II 

Xg - l o g  l i t t e r  carbon ( t /ha) 
X10 - new f o l i a g e  carbon II 

X11 - o l d  f o l i a g e  carbon I1 

X12 - carbon i n  growth C t l 9  pool II 

l u s  branch carbon I1 

X15 - f i n e  r o o t  carbon II 

X14 - bud carbon ( c u r r e n t  year)  II 

X17 - canopy i n s e c t  carbon II 

X18 - w o ~ d y  l i t t e r  carbon II 

X19 - f o l i a g e  l i t t e r  carbon II 

X20 - f i n e  l i t t e r  carbon II 

X21 - carbon i n  s o i l  r o o t i n g  zon It 

X22 - carbon i n  s u b s o i l  organic  II 

X25 - l i t t e r  temperature 
X26 - s o i l  r o o t i n g  zone temperature 
X37 - snowpack heat  d e f i c i t  II 

X38 - bud carbon (p rev ious  year)  ( t / h a )  
Xlpz .- dead r o o t  carbon II 

X64 - carbon i n  new f o l i a g e  CH20 pool  II 

Xga - f r e e  w a t e r  i n  snowpack (mVha) 

I1 

2 . 3 . 1 . 2  D r i v i n g  v a r i a b l e s .  There a r e  e i g h t  exogenous d r i v i n g  

v a r i a b l e s  i n  t he  model: 

21 - t o t a l  p r e c i p i t a t i o n  ( m  h a - h - 1  
Z 2  - average shortwave r a d i a t i o n  ( langley/min)  
P3 - average 24-h a i r  t e  p e r a t u r e  ( " C )  
24 - day l e n g t h  
25 - average 24-h dew p o i n t  t e  p e r a t u r e  ( " C )  
26 - average daytime temperature ("C) 
Z7 - average n i g h t t i m e  temperature ( Y )  

- average wind speed (rn/s) 

D a i l y  e m p i r i c a l  values o f  these data a r e  read i n t o  t h e  s i m u l a t i o n  

as i n p u t  d a t a -  
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The model inc l  

i n  F l g .  2.3.1.  

ns c o n t r o l  t h e  

c formula t ion  

cated functions 

w s .  The notati 

1 to the system. 

J) ,  and a l l  f lows 

u n l t s  o f  t h e  flows 

i t t e r  sur fac  

f r e e  water  i 

- d r i p  from f o  
- d r i p  f rom f o  
- transfer fro 
- transpi r a t i o  
- water  t ransfe  g zone t o  sub 
- water t r a n s f e  

1 - o u t f l o w  from 
- water  f l o w  f r o  

,99) - evaporation f 
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F(7,3) - water  t r a n s f e r  f rom l i t t e r  t o  soi l  root ing  zone 
pighyte  and bark su r faces  
i p h y t e  and bark su r faces  
e% s u r f a c e  

ark  su r faces  t o  

It0 decomposer 
r e s p i r a t i o n  

F ( g 9 2 0 )  - carbon 10s 
F(10, l l )  - carbon t r a  
F(10,17) - ne t i o n  by i n s e c t s  
F(lOJ9) - carbon t r a n s f e  poll new f o l i a g e  t o  leaf  

l i t t e r  due t o  a c u t e  d e f o l i a t i o n  
E(10,20) - carbon t r a n s f e r  f 

d u e  t o  acu te  d e f o  
E(10,64) - carbon t r a n s f e r  f 

F(11,19) - old f o l i a g e  
E(11,19) - t r a n s f e r  f r o  

F(11,ZO) - t r a n s f e r  from old f o l i a g e  to f i n e  l i t t e r  

F(12,99) - t o t a l  r e s p i r a t i o n  l o s s  f rom growth CH2O p 
F(12,13) - carbon t r a n s f e r  t o  s te  s p l u s  branches from 

F(12,14) - carbon t r a n s f e r  t o  l a r g e  roo t s  from growth CH20 

F(12,15) - carbon t r a n s f e r  t o  f ine  roo t s  from growth CH20 

F(12,16) - bud growth from gro  

F(12,64) - t r a n s f e r  af: carbon 
t o  new f o l i a g e  CH2 
r e s p i r a t i o n  and g 

F(13,9) - carbon t r a n s f e r  5: 
t o  log l i t t e r  

) - carbon t r a n s f e r  f 
p l u s  branches t o  

CH20 pool 

due t o  leaf  f a l l  and acute  d e f o l i a t i o n  

d u e  t o  acu te  d e f o l i a t i o n  

growth C H z O  pool 

pool 

pool 

F(12,17) - consumpti~n O f  grO 

F(14,62) - large roo 
F(15,62) - f i n e  roo t  
F(llb,lO) - carbon t r  buds t o  new f o l i a g e  
F(16,17) - bud ConSU 
%(17,20) - i n s e c t  f r a s s  i n p u t  
E( l8 ,W)  - carbon l o s s  f r om w 

decomposer resgi ra 
F(18,ZO) - carbon l o s s  f r o  w o ~ d y  l i t t e r  due t o  

f ragmentat ion 
F(19,99) - carbon l o s s  from f o l i a  e l i t t e r  d u e  t o  

decomposer respi r a t i o n  
F(%0,99) - ca rb  l a s s  from f i n e  l i t t e r  d u e  t o  

oser r e s p i r a t i o n  
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) - carbon loss 

one t o  subsoil 

ack t o  l i t t e r  sur  

t i o n s ,  F(iJ>, des i  

ndl r e c t  a c t i o n s  ments on t h e  

ed i n  t h e  mod t e f f e c t s  a r  

report. Here, we s 

i o n  in c a l c u  

ween t h e  c o n i f e r  r t  atmosphere, t h  

f o r  these  f u n c t i  

e s i s  (NNFP) an photosynthe 

NNFP i s  d e f i n e d  by 

NhFP = ( 2 . 3 . 1 )  



T a b l e  2.3.1 I n t e r a c t i o n s  a ng modules o f  CONIFER 
( f r o m  C o n i f e r o u s  F o r e s t  Biome M o d e l l n g  Group 1977)  

V a r i a b ?  es Comen t s 

E f f e c t  o f  c a r b o n  v a r i a b l e s  on w a t e r  and energy  f l o w s  

A .  F o l i a q e  b iomass a f f e c t s :  
1 .  
2 .  

3 .  
4 .  

5 .  

6 .  

T r a n s p i  r a t i o n  
F r a c t i o n  o f  r a i n  i n c i d e n t  t o  canopy t h a t  (Numbers 2 t h r o u g h  4 a f f e c t  
s t r i k e s  f o l i a g e  ( a n d  t h e r e f o r e  a l s o  f r a c t i o n  d r i p ,  l i t t e l ' ,  and s o i l  m o i s t u r e  
s t r i k i n g  n o n f o l i a g e )  dynamlcs.  There a r e  a l s o  i n d i r e c t  

Water  r e t e n t i o n  c a p a c i t y  o f  canopy 
D i s t r i b u t i o n  o f  r e t e n t i o n  c a p a c i t y  between 
f o l i a g e  and n o n f o l i a g e  
F r a c t i o n  o f  r a i n f a l l  p a s s i n g  d i r e c t l y  t o  (Through p e r c e n t  c o v e r )  
f o r e s t  f l o o r ,  
N e t  longwave r a d i a t i o n  i n p u t  t o  canopy (Through p e r c e n t  cover ,  w h i c h  a f f e c t s  

e f f e c t s  t h r o u g h  p e r c e n t  c o v e r )  

i n p u t  and l o s s )  

B. Stern biomass a f f e c t s :  
1 .  P e r c e n t  c o v e r  (and t h e r e f o r e  numbers 

2 t h r o u g h  6 above)  

C .  F i n e ,  l e a f ,  and woody l i t t e r  mass a f f e c t s :  
1 .  Water  r e t e n t i o n  c a p a c i t y  o f  l i t t e r  

-- E f f e c t  - of w a t e r . v a r i a b l e s  on carbon and energy  f l ~ ~  

A .  S o i l  m o i s t u r e  a f f e c t s :  
1 .  New and o l d  f o l i a g e  p h o t o s y n t h e s i s  
2 .  F i n e  r o o t  d e a t h  
3 .  Dead r o o t  p l u s  s o i l  o r g a n i c  m a t t e r  

d e c o m p o s i t i o n  processes  

6. L i t t e r  m o i s t u r e  a f f e c t s :  
1 .  L i t t e r  d e c o m p o s i t i o n  processes  

C .  Snowpack i c e  a f f e c t s :  
1 I L i t t e r  t e m p e r a t u r e  

0 .  S n o w f a l l  a f f e c t s :  
1 .  Heat  l o s s  f r o m  snowpack due t o  s n o w f a l l  
2 .  A lbedo o f  snowpack 

E .  D r i p  p l u s  d i r e c t  r a i n f a l l  a f f e c t :  
1 .  L i t t e r  and s o i l  t e m p e r a t u r e  

E f f e c t  o f  enerqv  v a r i a b l e s  on carbp_n and w a t e r  f l o w s  

A .  Heat  i n p u t  t o  canopy a f f e c t s :  
1 .  P o t e n t i a l  e v a p o r a t i o n  f r o m  canopy 
2 .  T r a n s p i r a t i o n  

( V i a  s t o m a t a l  r e s i s t a n c e )  
( V i a  p l a n t  m s f s t u r e  s t r e s s )  

B .  L i t t e r  t e m p e r a t u r e  a f f e c t s :  
! .  L i t t e r  d e c o m p o s i t i o n  processes  
2. P o t e n t i a l  e v a p o r a t i o n  f r o m  l i t t e r  
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6133 = carbon l o s s  f rom r o o t i n g  zone due t o  decomposer 

6138 = stern and branch r e s p i r a t i o n ,  
6139 = l a r g e  r o o t  r e s p i r a t i o n ,  
6140 =: f i n e  r o o t  r e s p i r a t i o n .  

r e s p i  r a t  i on , 

f u n c t i o n a l  form o f  t h e  i n d i v i d u a l  r e s p i r a t i o n  te rm f o r  G Z 5  i s  

d e f i n e d  as: 

where 

(2.3.3) 

X10 = new f o l i a g e  carbon ( t / h a ) ,  
G108 =- average weekly n i g h t t i m e  a i r  temperature ("C), 
6110 = average weekly day l e n g t h  (d imension less) ,  
826 = f o l i a r  r e s p i r a t i o n  r a t e  cons tan t  (week-1) , 

145 2= c o e f f i c i e n t  f o r  temperature e f f e c t  on f o l i a r  
r e s p i r a t i o n  (deg-1). 

2.3.1,6 Release o f  carbon through decomposit ion. The re lease o f  

carbon i n  C02 d u r i n g  t h e  m i c r o b i a l  decomposi t ion o f  l i t t e r  

c o n t r i b u t e s  t o  t h e  t o t a l  n e t  d a i l y  r e s p i r a t i o n  f rom t h e  s tand 

(Sect .  2.3.1 3). The te rm GlO3. which represents  carb  

f o l i a g e  l i t t e r  r e s u l t i n g  f rom decomposer r e s p i r a t i o n ,  i s  an exa 

t h e  f u n c t i o n a l  form t h a t  descr ibes decomposer res  i r a t a r y  f l u x e s  and i s  

where i s  t h e  f r a c t i o n  o f  carbon l o s s  f rom f o l i a g e  l i t t e r  because 

e n t a t i o n ,  and GB1 i s  t h e  f o l i a g e  l i t t e r  decomposi t ion r a t e  

( t  ha-' week-'). The te rm G8., i s  g iven  by 
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s f o l i a g e  I i t t  t h e  e f f e c t  o f  

u r e  on l l t t e r  

temperature and p o s i t i o n  i s  des 

menta t ion  (Co e s t  Biome Modeling G 

t o  generate ( f  

a1 ecosystem photosynt  t i o n  values du 

ea r  i s  shown i 

were converted 

convers i  on Fac to r  

T r l i c a  1974 n e t  carbon d i o x i  

exchange I s  ca 

e 

t i n g  as source t carbon; a nega 

2.4 AT€ BROADLEAF MODEL 

a1 carbon dy t e  b road lea f  t 

u s l n g  an mo i w i l l  e t  a l .  

an euca lyp tus  f o r e s t .  d d u r i n g  t h e  I n t  n a l  

nds Workshop (Reic 1 ,  t h e  seasonal 

1 u l a t e s  biomass d i f f e r e n t i a l  equat ions.  
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F i g .  2.3.2. Seasonal t o t a l  ecosystem photosynthesis ( A )  and r e s p i r a t i o n  
( 0 )  f o r  a n o r t h e r n  c o n i f e r o u s  f o r e s t  s tand.  F l u x  u n i t s  a r e  
kg C02 m-2 d- ' .  
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2.4.1 S t r u c t u r e  o f  t h e  Model 

2.4.1 .l Compartments. The e l  c o n s i s t s  o f  n i n e  co  

2 r e p r e s e n t i n g  biomass r e s e r v o i r s  (g/m ) i n  t h e  trees, understory ,  and 

l i t t e r .  

( F i g .  2.4.1) a re :  

The s t a t e  v a r i a b l e s  corres onding t o  the com 

X1 - t r e e  leaves 
X2 - dead branchwood 
X3 - branches 
X4 - stem bark 
X5 - sapwood 
x6 - heartwood 
X 7  - r o o t s  
Xs - unders to ry  
Xg - l i t t e r .  

2 . 4 . 1 . 2  D r i v i n g  v a r i a b l e s .  Seasona l i t y  i n  t h e  mo 

i n f l u e n c e d  by v a r i a t i o n s  i n  t h r e e  exogenous a b i o t i c  v a r  

21 - r a i n f a l l  (mm/week), 
Z2 - g l o b a l  r a d i a t i o n  ( k c a l  m-2 d - l )  
23 - temperature ( * @ ) .  

R a i n f a l l  and g l o b a l  r a d i a t i o n  a r e  combined t o  form a eo 

v a r i a b l e ,  e v a p o t r a n s p i r a t i o n  (EV,  onth) ,  u s l n g  the  equat ion:  

(2.4.1) 
E V = l  a z2 

b 21 i f  Z1 < 18.0 

where b i s  t h e  s lope o f  e v a p o t r a n s p i r a t i o n  as a f u n c t i o n  o f  r a i n f a l l ,  

and a i s  a t ime-vary ing  c o e f f i c i e n t  r e l a t i n g  e v a p o t r a n s p i r a t i o n  and 

g l o b a l  r a d i a t i o n  (see A t t i w i l l  e t  a l .  1973). 

R a i n f a l l  a t  t i m e  t ,  Z (t), i s  g i v e n  by: 

Z l ( t )  19.25 + 7.2% ~ 0 ~ ( 2 n ( t  - 0.0633)) (0 t 5 1) . ( 2 . 4 . 2 )  
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Global  r a d i a t i o n ,  Z 2 ( t ) ,  i s  c a l c u l a t e d  w i t  

where Ag = 1408 k c a l  m-? d - l ,  
AI = 13,150 k c a l  m-2 d-1, 
Bo =: 9400, 
81 = 14,700. 

These equat ions were f i t t e d  Lo observat ions f o r  an A u s t r a l i a n  

( 2 . 4 . 3 )  

f o r e s t  

( A t t i w i l l  e t  a l .  1973). 

2.4.1.3 Flows o r  r a t e  processes. The f 

represented by t h e  arrows i n  F i g .  2.4.1. I n  e r a l ,  these f uxes a r e  

cons tan t  c o e f f i c i e n t  donor c o n t r o l  processes. Except ions i n t  ude leaf 

l i t t e r f a l l ,  which i s  a f u n c t i o n  o f  temperature (see Attiwill e t  a l .  

1973), and photosynthes is  f o r c i n g s ,  which a r e  f u n c t i o n s  o f  

e v a p o t r a n s p i r a t i o n  (see A t t i w i l l  e t  a l .  1973 and Sec t .  2.4.1.4). The 

adel  descr ibed by A t t i w i l l  e t  a l .  (1973) i n c l u d e d  a photosynthes is  

a l l o c a t i o n  f u n c t i o n  t o  p a r t i t i o n  t h e  p r o d u c t i o n  i n p u t  i n t o  ~ r Q w t h  o f  

var ious  t r e e  compartments. Th is  f u n c t i o n  determined t h e  average 

f r a c t i o n a l  a l l o c a t i o n  t o  a p a r t i c u l a r  t r e e  compart ent as a f u n c t i o n  o f  

expected and a c t u a l  biomass i n  t h a t  compartment ( a c t u a l  b i o  

t u r n  a f u n c t i o n  o f  t r e e  bole biomass). A p r o p o r t i o n a l  i n p u t  f l u x  f o r  

t h a t  Compartment was determined f rom a precedent l i n e a r  annual v e r s i o n  

o f  the model. We have n o t  i n c l u d e d  t h i s  a l l o c a t i s n  f u n c t i o n  i n  o u r  

e l .  A f l u x  represent ing  a c t i v a t i o n  o f  s torage reserves i n  t h e  

r o o t s ,  F(7,1), i s  a l s o  exclude 
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d e f i n e d  b e l  

c ompa r tme n t i 

t j .  The number a carbon o r  b 

g e n e r a l l y  the atmosphere. 

- t r e e  leaves p : see Sect .  2.4.1.4 
see S e c t .  2 

F ( 1 , 4 )  - l e a f  t o  s t e  
- l e a f  t o  sapw 
- l e a f  t o  roo 

- branch mort 
.- fall of dea 
- t r a n s f e r  fr 

- l i t t e r  deco 

s .  FALL repres  

A e t  a l .  1973) .  

2.4.1.4 . Photos 

s i  by f o r c i n g s  u c t i o n ,  I1 an d 

t o  t r e e  l e a v e s ,  X,  , and t i o n ,  X 8 ,  r e s  

The f o r c i n g s  a r e  c a l c u l a t e d  by 

and 
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i s  a l i n e a r  C Q  l e n t ,  and F(9 ,  e 

as biomass 

2.4.2 onal  Photssynthes i r a t i o n  

a l l ,  Zl, and g Z2,  va lues wer 

u s i n g  the e m p i r i c a l l y  der! f A t t i w i l l  e t  a l .  ( 1  

e Sect.  2 .4.1.2) .  The e used t o  d r i v e  

d e l  generate t o t a l  ec n t h e s i s  and r 

an 'laveragleft r ,  A f d a i l y  f l u x e s  sam 

s i s  shown i n  F i  s f l u x e s  gener 

conver ted t o  C he convers 1 on 

t e r  = 1.65 Seasonal 

tween the f o r  atmosphere i s  

A p o s i t i v e  cates t h e  s t a n  

source o f  atmospher ic C ue i n d i c a t e s  

t i n g  as a sink. 

2.5  GAL DECIDUOU L 

model o f  season s i n  an open t a t  

t h e  miombo f o  

seasonal m 

constant -csef  f ng t h e  I n t e r n a t i o  

(Re ich le  e t  a l .  1973).  1 s imu la tes  b i  

r tmented system u o r d e r  l i n e a r  d i f f e r e n t i a l  

ns. There a r e  ac , depending on when f i r e  
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F i g .  2.4.2. Seasonal t o t a l  ecosystem photosynthesis ( A )  and respiration 
( 0 )  for a temperate broadleaf evergreen Forest s tand .  F l u x  
u n i t s  are kg 602 m-2 d-l. 
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del i s  structured very  s i  

t he  t r o p i c a l  r a i n  f o r e s t  model (see S 

2.5J S t r u c t u r e  o f  t h e  ~~~~~ 

2.5 e 1 e 1 ~omo3artmen~$ e Ten cornpart r e s e n t i n g  b i o  

r e s e r v o i r s  a r e  modeled ( F i g .  2 .5.1) .  The s t a t e  v a r i a b l e s ,  expressed as 

k i lograms biomass/per hectare,  corresponding t o  t h e  ~ ~ ~ ~ a r t ~ e n ~ s  o f  

F i g .  2 3 . 1  a re :  

X1 - t r e e  leaves 
X2 - t ree  branches 

X4 - t r e e  r o o t s  
X5 - t r e e  f l o w e r s  and f r u i t s  
Xg - groundcover vegeta t ion  
X 7  - herb ivorous i n s e c t s  
X8 - non-woody l i t t e r  
Xg - woody l i t t e r  
X1Q - s o i l  o rgan ic  ma t te r .  

XCJ - t r e e  boles 

2.5.1.2 D r i v i n g  v a r i a b l e s ,  Seasonal dynamics o f  t h e  

f o r e s t  a r e  assumed t o  be dependent on mois tu re  (Bandhu e t  a l .  1973) .  

ever,  the model, as descr ibed by andhu e t  a l .  (1973) and i n  o u r  

e n t a t i o n ,  does n o t  i n v o l v e  any exogenous d r i v i n g  v a r i a b l e s .  

e-vary ing f o r c i n g s  and r a t e  c o e f f i c i e n t s  are i n  p r i n c i p l e  r e l a t e d  t o  

v a r i a t i o n s  i n  r a i n f a l l  o r  mo is tu re .  

2 .5 .1 .3  Flows o r  r a t e  o3rocesses. Mort i n t ~ r c o ~ ~ ~ r ~ ~ e n t a l  f l u x e s  

are represented as cons tan t  donor -cont ro l led  processes. A few f lows 

. (  photosynthes is ,  l i t t e r f a l l ,  and l i t t e r  t o  s o i l  t r a n s f e r )  i n v o l v e  

t ime-vary ing  f o r c i n g s  o r  r a t e  c o e f f i c i e n t s .  The flows i n  

arrows i n  F i g .  2 . 5 . 1  a r e  d e f i n e d  below, The n o t a t i o n  F ( i  
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i r a t i o n  dram i s  g i v e n  by 

. 
i = 1 ,  ..., 7 ( 2 . 5 . 1 )  

ment 1, and ri i s  a a t e  Xi i s  the bioma 

C c i e n t  s p e c i f i c  t 

n 

d u r i n g  microb- ia l  i o n  of dead organic  ma 

l i t t e r  compartme 

he s o i l  organic  compartment, X 

d e r  seasonal va 

b i t .  seasonal i  

R t ime-vary ing  r r f rom l i t t e r  

e r .  These v a r i a t i  t o  be r e l a t e d  t o  

r e  (Bandhu e t  a l ,  1 t h e  model doe 

t i o n a l  represent  

2 . 5 . 2  

seasona 1 The t ime-vary ing  

c s  o f  t h e  miombo prov ided by a1 

These were us n a l  total eco 

h e s i s  and r e  F igure  2.5.2 i s  a p l  

mpled a t  5-d l n t  generated b i o  were 

c t o  C02 f l u x e s  = 1.65 g C02 ; L i e t h  

1 . Seasonal n e t  CO ( r e s p i r a t i o n  minus pho 

b he f o r e s t  s t a n  e r e  i s  p l o t t e d  i 

i t i v e  n e t  exchange and i s  a c t i n g  o f  
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F i g .  2.5.2.  Seasonal total ecosystem photosynthesis (A) and respiration 
(0) for a tro ical deciduous forest stand. F l u x  units are 
kg C82 m-2 d-7. 
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ospheric  C02; a negat ive  va lue i n d i c a t e s  t h e  stand i s  a c t l n g  

co* s i n k .  

2.6 TROPICAL R A I  

The model o f  seasonal carbon Qyna i c s  i n  a t r o p i c a l  r a i n  f o r e s t  i s  

an a d a p t a t i o n  o f  Bandhu t al.'s (1973) model o f  a a l a y s i a n  rain 

f o r e s t  a t  Pasoh. The model was o r i g i n a l l y  developed d u r i n g  the  

I n t e r n a t i o n a l  W o o ~ ~ a n ~ ~  orkshop (Re ich le  e t  a l .  1973) us ing  data 

p rov ided by John Bul lock .  The seasonal as  developed f rom an 

annual l i n e a r  donor -cont ro l led  corn 1 and r e t a i n s  much o f  

e l ' s  s t r u c t u r e  and processo The model s imulates b i o  

f i r s t - o r d e r  l i n e  r d i f f e r e n t i a l  equat ions.  

2 " 6 $ 1  

2 . 6 , l . l  Compartments. The compartmental s t r u c t u r e  o f  t h e  

i n  f i g ,  2.6.1. Trees and ground cover i s t i n g u i s h e d ,  

b u t  t h e r e  i s  no c o n s i d e r a t i o n  o f  age c lass ,  p l a n t  species,  o r  p l a n t  

group d i f f e r e n c e s .  The t e  s t a t e  v a r i a b l e s  correspon 

rams biomass p e r  square meter) :  

t r e e  leaves 

t r e e  bo les  
t r e e  roots 
t r e e  f l o w e r s  and f r u i t s  
groundcover vegeta t ion  
herb ivorous i n s e c t s  
non-woody l i t t e r  

s o i  1 organic  mat te r .  

2.6J.2 D r i v i n g  v a r i a b l e s .  The r a i n  f o r e s t  model inc ludes  o n l y  

one seasonal d r i v i n g  v a r i a b l e .  Seasonal ~ ~ ~ ~ o ~ ~ n a  a r e  assu 



99 
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9 

99 

F i g .  2 . 6 ~ .  Compartmental opical r a i n  
F ( i  , j ) ' s  i n d i  mass from c 
compartment j icates a co 
to t h e  system. 
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r e l a t e d  t o  monthly r a i n f a l l ,  Z(m)  ( m  1, ..., 1 2 ) '  expressed In 

odeled a s  cons tan t  donor-controlled processes .  Ho 

photosynthet ic  f o r s i n g s ,  t h e  I i ' s 9  and l eaf  l i t t e r f a l l ,  F ( 1 , 8 ) ,  ai- 

func t ions  o f  r a i n f a l l ,  the s o l e  exogenous d r i v i n g  va r i ab le .  De ta i l s  

can be found i n  5 a n ~ h ~  e t  a l ,  (1 '83); here we def ine  the  Flows 

ind ica ted  by arrows i n  F i g ,  2 . 8 l  The no ta t ion  F ( i , j )  i n d i c a t e s  the 

f l u x  of biomass f r o  ent i t o  compartment j .  T 

i '  represents a carbon sink, gene ra l ly  the  sphere. The r 

and k a r e  cons t an t s .  

- t r ee  leaf  photosynthesis  f o r s i n  : see S e c t ,  2 , 4 , 1 . 4  
- ground-cover photosynth s i s  fo rc ing :  see Sec t .  2.6J.4 I1 

16 
F ( 1 , 9 9 )  - l eaf  dark r e s p i r a t i o n :  
F(1,2) - l eaf  t o  branch t r a n s l o c a t i o n :  q Z X 1  
F ( 1 , 7 )  - herbivory:  a17X.1 
F(1,8)  - l eaf  l i t t e r f a l l :  (a18 +- ( k / I , ) ) X I  
F ( 2 , 9 9 )  - branch r e s p i r a t i o n :  r2X2 
F ( 2 J )  - branch t o  leaf  t r a n s l o c a t i o n :  "211x2 
F ( 2 , 3 )  - branch t o  bole  t r a n s l o c a t i o n :  a23X2 
F(2 ,5)  - branch t o  f lowers  and fruit t r a n s l o c a t i o n :  a25X2 

F(339) - bole  r e s p i r a t i o n :  r3X3 
F ( 3 , 2 )  - bole  t o  branch t r a n s l o c a t i o n :  a32X3 

) - bole  t o  roots t r a n s l o  
) - f a l l  of dead boles:  
9 )  - root  r e s p i r a t i o n :  r 4  

F ( 4 , I O )  - t r a n s f e r  o f  dead root  t 
F ( 5 , 9 9 )  - f lower and fruit  respir  
F ( 5 , 8 )  - f a l l  o f  f lower and frui 
F(f1,99) ._ ground-cover res i r a t i o n  : rgX6 
F ( Q , 8 )  - f a l l  of ground c ves t o  l i t t e r :  868x6 
F(7 ,99)  -- herbivore r e s p i r a t i o n :  r 7 X 7  
F ( 7 , 8 )  - f a l l  o f  dead herbivores  and waste  a t e r i a l  : a ~ ~ X ~  
F(8,99)  - decomposition o f  non 

(CQ2 evo lu t ion ) :  r8 
F(8,IO) - decompositian of non 

( t r a n s f e r  t o  s o i l  organic  ma t t e r ) :  

F ( 2 , 9 )  - f a l l  o f  dead branches: x2 

a81 
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t e r ) :  agaoX 
mat te r :  rl 

n t o  ra in fa l l .  

7he equations u 

( m )  L-’ 12,OI: - l ) ]  m =- 2, ..., 

The term P(m) i s  given by 

P(m) = ( 1  m = 1 9 2 ,  ..., 1 2  , 

whe m) i s  monthly m i  1 1  imetters) . 
The production e ground-cover co  

hu e t  a l .  1973). 

zero.  The Bandh 

lue used for I 

nts XI th rough 

6 
i s  ambiguous about 

Respiration f r 

d using constant in equations o f  

i = 1.2, ..., 7 , ( 2 . 6 . 4 )  



ere E(i ,99) i s  t h e  r e s p i r a t o r y  f l u x  f r o m  compart 

t h e  cons tan t  r a t e  c o e f f i c i e n t  r e l a t i n g  r e s p i r a t i o n  

Bsence o f  s e a s o n a l i t y  i n  r e s p i r a t i o n ,  

modelled as f u n c t i o n  o f  seasanal ly  v a r y i n g  t ~ m p e ~ ~ ~ ~ r @ ~  i s  a r e s u l t  o f  

Bandhu e t  a 1 . h  assumption t h a t  a l l  seasonal ~ h ~ n o ~ e n a  were r e l a t e  

p r e c i p i t a t i o n .  Th is  i m p l i e s  an ad i t i o n a l  assumption t h a t  temp 

i s  r e l a t i v e l y  constant  i n  t h e  Pasoh, a l a y s i a  r a i n  f o r e s t *  

2 * 6 . 1 . 5  

losses f rom no 

a p p l y i n g  E q -  ( 

constant. r a t e  

1 i t t e r / s o i  1 mo 

throughout  t he  year.  

2h.2 Seasonal Photosynthesis and R e s p i r a t i o n  

a t a  an seasonal r a i n f a l l  i n  a alaysiasr r a i n  f o r e s t  were 

u e t  a l .  (1973) and wet- used t o  d r i v e  t h e  p r o d u c t i o n  f o r c i n g  

i m u l a t i o n  model and g ~ ~ ~ r a ~ e  seasonal CO a s s i  2 
(photosynthes is)  and res  i r a t i o n  values f o r  t h e  t o t a l  ecosys 

f l u x e s  sampled a t  5 -  i n t e r v a l s  a r e  p l o t t e  in Fig .  2,6,2. 

values generated by t h e  model were conv rted t o  C02 equ iva len ts  us ing  

a convers ion f a c t o r  o f  I g d r y  m a t t e r  = 1.65 g C02 ( L i e t h  1978) 

Seasonal n e t  C02 exchan e between the  f o r e s t  stand and t h e  atmosphere 

i s  p l o t t e d  i n  F i g .  2h.3. Net e e i s  r e s p i r a t i o n  

photosynthes is ,  Hence, a p o s i t i v e  va lue i n d i c a t e s  t h e  s tand i s  a c t i n  
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F i g .  2.6.3. Seasonal net CO2 exchan 
tropical rain forest s t a n d ,  Net f l u x  i s  respiration minus 
photosynthesis. 

t;tween the  atmosphere and a 

Flux units are kq C07 m-* d - l .  
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as urce o f  ~t~~~~ alue  indicates t he  stand 

i s  acting as 

2.7 

i s  adapted from t ass 

prairie producer model Parton, Singh, and Coleman (1 

on and Singh ( I  

atians and a 

ed f o r  t h e  sh 

/ I B P  Grasslan 

applied t o  t h e  tallg 

t t h e  Osage S i  

P rsfan o f  the  

2.7.1 

2.7.1.1 Compa e compartments or e variables 

the model c 

other grass 

types,  or age classes root-age c lasses) .  In 

practice, t h e  model was with data for t 

species a t  the site, ( i . e . ,  ama a t  Pawnee). A 1  

are expressed i n  grams mass per square rn 

variables corresponding he compartments o f  Fig. 2.4.1 are defined 

as:  
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A 
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P -- 

LIVE SHOOTS i 
CROWNS 

x5 
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64 

99 

I 
OHNL DWG 85-14262 

99 

8 Q 0 

Fig. 2.7.1.  Compartmental structure o f  t h e  temperate grassland 
F(i,j)'s indicate the flux of biomass from compart 
compartment j. 
external to the system. 

The numbers 99 and 0 indicate compartments 



o f  c u r r e n t  

s a i l  l a y e r  
9 5-15, 15-38, 

t h  s o i l  l aye r  
ive smberjze so41 layer 

o i l  layer 
t h  soi l  layer 
so i l  layer 

a r i a b l e s .  f 

e l  (Par ton  1976 ost o f  these v 

v a r i a b l e s  (i . e . ,  

feedback between t h  

variables were s t r i c t  

dlfication o f  Partsin 

les used in the  m 

in the  i t h  so 

e 



2.7.1.3 Flows o r  rate . Fluxes between co 

e l e d  m e c h a n i s t i c a l l y ,  and t i a n s   cribin^ in^ t h e  

plex.  D e t a i l s  o f  the f u n c t i o n a l  f 

Singh (1976) ,  Parton,  Siwgh, and Cole (19”3),  and D e t l  

and Hunt (1978) ,  Here  we s imp ly  d e f i n e  t h e  f l u x e s  i n d i c a t e d  by a r r o  

i n  F i g .  2.7.1. The n o t a t i o n  F ( i , j )  i n d i c a t e s  the f l o w  o f  biomass f rom 

ent i t o  compartment j. The number 0 represents  t h  

atmosphere; t h e  number 99 represents  a carbonlbiomass s i n k  e x t e r n a l  t o  

t h e  modeled sys te  Unless othe I c a t e d ,  a l l  f lows a r e  g iven as 

grams d r y  weight biom s s  p e r  square 

- n e t  dayt ime photosynthes is  
- n i g h t  r e s p i r a t i o n  
-- shoot m o r t a l i t y  
- shoot t o  c r o  t r a n s l o c a t i o n  
- shoot t o  ~ U V  i l e  roots t r a n s l o c a t i o n  
a- shoot t o  n o ~ - ~ ~ ~ ~ r ~ ~ ~ ~  roots t r a n s l o ~ a t i ~ n  
- shoot t o  suber ized roots  t r a n s l o c a t i o n  
- t r a n s f e r  o f  rec t o  o l d  s tand ing  

dead ( g  dw b i o  
- f a l l  o f  new s t a  
- leach ing  o f  rnec 
.- f a l l  of‘ o l d  s tanding dead 
- leach ing  sf o l d  s tand ing  dead 
- l i t t e r  decomposi 
- leach ing  and mec i n g  o f  l i t t e r  
- crown r e s p i r a t i o n  
- t r a n s f e r  o f  stored c r a t e s  t o  shoots 
- crown death 
-- j u v e n i l e  r o o t  r e s p i r a t i o n  i n  t h e  i t h  s o i l  l a y e r  

F ( b i , T i )  
F ( b i , 9 i )  
F ( 7 j , O )  - nonsuberized roo t  r e s p i r a t i o n  i n  t h e  i t h  s o i l  l a y e r  
F ( 7 , 1 )  - t r a n s f e r  o f  carbohydrates store 

%‘- (7 j18 j )  - aging o f  nonsuberized r o o t s  i n  t h e  i t h  s o l 1  

F ( 7 j l 1 0 i )  - death o f  nonsuberized roots i n  t h e  i t h  s o i l  

F ( $ j , Q )  - suber ized r o o t  r e s p i r a t i o n  i n  t h e  i t h  s o i l  1 
F ( 8 , l )  - t r a n s f e r  o f  carbohydrates s to red  i n  suber ize  

- aging o f  j u v e n i l e  roots i n  t h e  i t h  s o i l  l a y e r  
- death o f  j u v e n i l e  r o o t s  i n  t h e  i t h  s o i l  l a y e r  

1 ayer  

l a y e r  

roots 
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- spring I n i t i  root  growth 

- death of  s he i t h  s s j l  
e roots i n  t 

F ( I O j , O )  - 
ed roots i n  t h e  i 

F ( 1 , Q ) .  Met daytime, p lculated as a 

r potential, 2: 

e solar radiat-l 

= the comblned ef fect  
i r temperature 

= net photosynt 
a given irradi 
temperature and 

e term b’lx i s  given b 

functional relationshi ton, Singh, and 

(19”1). The leaf area i 

, and Coleman (19  
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Shoat dark r e s p i r a t i o n ,  F ( l , O ) ,  i s  a f u n c t l a n  o f  n i g h t t i m e  a i r  

temperature,  Z (j)$ and t h e  ~~~~~t~~ average s o i l  water  potential. 

The f l u x  i s  descr ibed by 

( 2 . 4 . 2 )  

R 
3 

where C .  i s  dark r e s p i r a t i o n  (gra s p e r  square e t e r  l e a f  area p e r  

hour)  as a f u n c t i o n  o f  n i g h t t i  e a i r  temperature and s o i l  water  

p o t e n t i a l ;  L i s  l e a f  area index, and Atn/4 i s  t h e  l e n  

e p e r i o d  j (hours) .  'The equat ion used t o  o b t a i n  CR is 3 
descr ibed by D e t l i n g ,  Parton, and Hunt (197 

Root r e s p i r a t i o n  i n  t h e  i t h  s a i l  l a y e r  i s  c a l c u l a t e  as a f u n c t i o n  

o f  s o i l  water  p o t e n t i a l ,  Z l ( i ) ,  and temperature, Z 3 ( i ) ,  us ing  t h e  

equat ions 

where 

( 2.7 .3a)  

( 2 . 7 . 3 b )  

( 2 . 7 . 3 c )  

c o n t r o l  parameter f o r  t h e  e f f e c t  o f  s o i l  wa 
T, = c o n t r o  parameter f a r  t h e  e f f e c t  o f  s o i l  t e  
R j  = maximu f r a c t i o n  o f  r o o t  biomass o f  t y p e  j 

r e s p i r e d  per  day a t  0 bars s o i l  water  p o t e n t i a l  
X j , i  = l i v e  r o o t  biomass o f  t y p e  .j i n  t h e  i t h  s o i l  l a y e r  

The c o n t r o l  parameters M, and Pr a r e  

i n  Parton, Singh, and Coleman (1978).  

u a t i o n s  descr ibed 

Crown r e s p i r a t i o n  i s  c a l c u l a t e d  us ing  E q .  2.7.33 w i t h  t h e  

f o l l o w i n g  m o d i f i c a t i o n s :  crown b i o  ass, X g 9  rep laces r o o t  b i o  
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so1 1 surface, temperature, 

nonsuberi zed 

rnpasi t ion.  T 

C he decomposi i s  descr ibed by 

(2.7.4b) 

'll,idi 9 ( 2 . 7 . 4 c )  

r e  

s o f  t y p e  j, 
i t h  layer,  
s i t i o n  i n  t he  

composit ion i n  t 

f o r  decomposl 

mu 1 a t  i on 

ndicates t h a  i t i n g  f a c t o r ,  t h e  

ss t he  maximum 

n o f  abovegr 

s o i l  water 
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the  top soil layer, Zl(l), and so i l  surface te 

Equation 2.7.4b is used ith t h e  assumption t h  

turnover resulting from deco ositiosl is 9 5  o f  that for nonsube 

ns and litter mixed into the t.op sail 

used For aboveground litter, wit 

appropriate biomass substitutions, This y be a slight deviation from 

Parton, Singh, and Cole as did not explicitly describe the 

fate o f  these co 

2.7.2 Seasonal Photosynthesis and Respiration 

An only slightly modified version sf Parton's (1996) abiotic model 

as used to generate driving variables for  the simulation m 

~ a t - a ~ e t ~ r s  f o r  the abiotic e1 were taken fro arton (1975), Parton 

and Singh (1976), and Parton (1978) .  

were extracted from various U S / I B P  Grassland Biome Technical Reports 

Enput data for the abiotic 

tic atlas o f  the United Sta tes  (U .S ,  Department of Co 

n daily input values e r e  called far, they ere interpolated 

y means using a piecewise-linear spline function, Daily 

ralnfall was an exception and as obtained by dividing the appropriate 

onthly rainfall by the number o f  days in t h e  month. The input 

data were generally long-te averages, and they permlt . ted simulation 

o f  seasonal total stand photosynthesis and respiration values for an 

"average1' year. A plot o f  daily fluxes sampled at weekly intervals i s  

shown in Fig. 2.7.2.  Biomass fluxes generated by the 

converted t o  C02 fluxes using a conversion factor o f  1 g dry 

matter = 1.467 g C02 (Brown an Tt-lica 1974). Seasonal net CQ2 
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F i g .  2.7.2. Seasonal tosynthesi s ( 5 )  
( 0  f o r  a 
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3 %  

exchange between t h e  grass land stand and the atmosphere i s  p l o t t e d  i n  

F i g .  2.7.3. Ne t  exchange i s  r s p i r a t i s n  minus photosynthes is=  

Therefore,  a p o s i t i v e  va lue i n d i c a t e s  t h e  s tan  s a c t i n g  as a source 

o f  atmospheric COz; negat ive  values i n d i c a t e  the stand i s  a c t i n g  as a 

s i n k  f o r  atmospheric COze 

2*8 ARID LANDS 

The model o f  seasonal carbon miss i n  a r i d  lands i s  an 

odels developed as part o f  t h e  US/I P Deser t  Biome 

(see Goodall  19 I ) .  Product ion o r  carbon a s s i m i l a t i o n  i s  

e l e d  w i t h  an adapta t ion  o f  V a l e n t i n e ' s  (1974)  p l a n t  processes 

1; decomposi t ion i s  i t h  an adapta t ion  o f  Par 

Radford 's  (1974) decomposi t i  d e l .  These mechanis t ic  

process-or i  ented o d d s  a r e  descr ibed by d i f f e r  equat ions w i t h  a 

s tep  o f  one day. I n  t h e  o r i g i n a l  Desert  B 

ce equat ions w i t h  t i m  s teps v a r i a b l e  by sub 

a t e  t h e  d i f f e r e n t i a l  eqkaatlons (Goodal l  and G i s t  1973). 

2.8.1 S t r u c t u r e  o f  t h e  Model 

2.8.1 .l. The cornpart e n t a l  s t r u c t u r e  o f  t h  

del i s  i l l u s t r a t e d  i n  F igs .  2.8.1 and 2.8.2. F i g u r e  2.8.1 

d e p i c t s  t h e  p l a n t  p r o d u c t i o n  p o r t l a n  o f  t h e  model, and F ig .  2.8.2: sho 

the s t r u c t u r e  o f  t h e  deco p o s i t i o n  submodel. The c o ~ ~ a ~ t ~ e n t s  o f  

.1 a r e  repeated f o r  t h r e e  f u n c t i o n a l  p l a n t  groups (i . e .  

annuals, perenn ia l  herbs, and woody shrubs),  an 

e n t  i s  d i v i d e d  i n t o  n i t r o  en, ash, p r o t  i n  carbon, reserve 
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99 99 99 

PHOTOSYNTHETIC 
ABOVEGROUND 

PHOTOSYNTHETIC 

1 

ABOVEGROUND 
-PHOTOSYNTHETIC 

I NQN-REPRODUCTIVE _II% 19,ZQ 

BELOWGROUND 

Fig .  2.8.1. Compartmental structure o f  t h e  arid ’lands model - production 
submodel. The number 99 refers to a compartment external t o  the 
system. The numbers 19 ,  20, 21, and 22 refer t o  compartments in 
F i g .  2.8.2. 
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carbon, and s t ruc tu ra l  carbon. S imi la r ly ,  the dead organic material o f  

.2 i s  a l s o  dlvided i n t o  these  f i v e  cons t i tuents .  The b i o  

poser groups i s  modeled, w e re  n i s  equal t o  the  n u  

dead millterlal types. 

t e  variables corresponding t o  t he  compartments sf 

F i g s ,  2.8.1 and 2 . 8 . 2  a r  l i s t e d  below. All s t a t e  variables a r  

expressed i n  units o f  grams per hectare.  Recall t h a t  each s t a t e  

var iab le  i s  ac tua l ly  subdivided i n t o  th ree  carbon cons t i tuents ,  an ash 

cons t i tuent ,  and a nitrogen cons t i tuent .  

annuals 

X I  -- photosynthetic organs 
X2 - aboveground s t ruc tu ra l  organs 
X3 - reproductive organs 

round organs (0-10 c 
round organs (10-38 

perennial herbs 

X 7  - photosynthetic organs 
Xg - aboveground s t ruc tu ra l  organs 
Xg - reproductive organs 
X ~ Q  - belowground organs (Q-10 cm) 
X11 - belowground organs (10-30 cm) 

X13 - photosynthetic organs 
X14 - aboveground s t ruc tu ra l  organa 
X15 - reproductive organs 
X16 - belowground organs (0-10 cm) 
X17 - belowground organs (10-30 c 
XI8 - seed pool 

The s t a t e  variables ( easured i n  gra s per hectare) corresponding 

t o  t he  l i t t e r  and below rtments o f  F i g .  2 ,  - 2  a r e  l i s t e d  

below. Again, each organic matter s t a t e  var iab le  I s  s u b  
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f i v e  c o n s t i t u e n t s :  b 

artrnents con 

ash * 

shown i n  F i g ,  2 ke o f  c l a r i t y ,  

e v a r i a b l e s  rep r biomass, T 

h each s o i l  hor e 

ead, and the t e  va r i ab le s  ( 

h re : 

s o i l  horizon 
) s o i l  horizon 

rocesses  i n  t h  

umber o f  exo 

- sai  I temperatu h o r i z o n  ("C) 
s o i l  horizon 
) 
"C) 

-E5 -- photoperiod 
%b - p r e c i p i t a t i o n  ( 
27 - so lar  r ad ia t ion  
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n hourly irradianc for  the day ( $ I ) ,  a 

a t e r  potential ( $ I ) ,  o r  

(2.8.1) 

= realized hourly rate o f  net photosynthesis 
( g  c g-1 protein c id), 

1 hourly rate o f  net photosynthesis 
-1 protein c 11-11, 

1 = effect o f  air temperature (dimensionless), 
) = effect o f  irradiance (di 
) = e f f e c t  o f  soil water  (di 

PH 

The functional Forms for fl, f2, an f g  can be found in Valentine 

) and Goodall (1981). The model allows for  changes i n  p " ~ ~ ~  and 

optimal t ~ ~ ~ ~ ~ a ~ u ~ ~  (Z3 where f , ( Z 3 )  =c 1.0) as a result of  

acclimatization ( s e e  Valentine 1974). 

The daily net photosynthesis rate ( g  C g-' protein C d-') is 

given by 

~~~r~ Z5 is the photoperiod. The amount o f  carbon actually fixed per  

day (PN)  is 

here X is the a ount of protein carbon (gra  s per hectare) in the 

t o s y n t h e t i c  organs. Equations (2.8.11, (2.$.2), and (23.3) are  
IP 

appl ied  to annuals, perennlal herbs, an woody shrubs. Constants suc 

1P' 
may vary with plant type, and X is replaced by X as  %MAX 'IP 

X and X,3p.  
TP 
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Hourly rates o f  tosynthetic es 

over a t i o n  f o r  no 

are averages over a i o d .  R e s p i r a t i o n  the 

f each p l a n t  t ed as functions o 

ature ( so i l  tern s )  and soil w a t  a1 

equat ions o f  t h e  f o r m  

ernperature f o r  
d f o r  acclim 

ional f o r m  o f  

o f  carbon res 

obtained by t h e  appro 

3 . 1 . 5  Relegse composition. C 

arbon release 

where 

(2.8.5) 
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a t i o n  over  a11 dead argan i  
r ic r a t e  o f  r e s p i r a t i o n  o f  carbon 

o f  dead organ ic  

The ra te  r i c  i s  g iven  by 

P ic  =- (1 - e)Dic  , 
w ~ ~ r e  e i s  t h e  e f f i c i e n c y  o f  

(d imension less) ,  and Dic i s  t h  

t y p e  c i n  dead organic  m a t t e r  type i, 

(2J3.6)  

2.8.2 Seasonal Photosynthesis and R e s p i r a t i o n  

I n p u t  data f o r  t h e  f o r c i n g  f u n c t i o n s  were generated By a 

subrout ine  prov ided by Va len t ine  (1974) as a t e ~ ~ ~ r a r y  means o f  

enous values. A more d e t a i l e d ,  em i r i c a l  subrout ine  i s  

p rov ided by Goodall  and G i s t  (1973), The d r i v i n g  v a r i a b l e s  p e r m i t t e  

u l a t i o n  o f  seasonal total ecosyste ( l e s s  l l v e  p l a n t  con 

e s i s  and r e s p i r a t i o n .  A p l o t  o f  d a i l y  f l u x e s ,  sa 

2 weekly, i s  shown i n  F i g .  2 - 8 . 4 .  Carbon f l u x e s  weye conver ted t o  CO 

f l u x e s  u s i n g  a convers ion f a c t o r  o f  1 g C = 3.66 

P r l  i c a  1974). 

photosynthes is)  between t h e  v e g e t a t i o n  and t h e  atmosphere i s  p l o t t e d  i n  

Seasanal n e t  C02 exchange ( r e s p i  r a t i  

. 2.8,5. P o s i t i v e  n e t  exchange values ind ica te ,  t h e  ve 

a c t i n g  as a source o f  atmospheric C02; ne a t i v e  values i n  

e t a t i o n  i s  a c t i n g  a s  a s i n k .  

A genera l  model o f  biomass deco s i t i o n ,  ABISCQ, was develope 

Bunnell and Dow i n g  (1974)  t o  co pare tundra  s i t e s .  La ter ,  t h e  model 
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0 

ORNL DWG 85-  17014. 

F i g .  2.8.4. Seasonal t osynthesis ( A )  
vegetation. F1 
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0.0001 

0 

-0.0001 

-00003 

-0.0004 

-0.0005 

-0.0006 

F i g .  2 .8 .5 .  

L 

- 

0 50 1 15 2 
TIME (JULIAN DAY) 

Seasonal n e t  C02 exchange between t h e  atmosphere and a stand 
of  ar id  land vegeta t ion  f l u x  u n i t s  a r e  kg C02 m-2 d - 1 .  



daily basis in the model. 

d by ~~~~~1~ a 975) to provide a f a i r l y  

I: a m i e s ,  and was 

1, The model i s  tow a detailed de 

m 1 r e s p i r a t i o n  a 

ental structure he m 2.9.1 . 1  Compartments. Th 

es correspond e i in Fig. 2 .9 .1 .  T 

C om s are defined as i n  units o f  g b rn 2 ) :  

ground live b i  

- dead roots and rh 

tanding dead b i  

X ~ I (  - live roots 

2.9.1.2 Driving v + T  e t h r e e  exogenous 

variables in the  model: 

perature ("C) 
ative sunlight i 

3 - percent moisture!  le ate 

The values o f  2,' Z2, and r3 in the! model can be specified on a 
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d functional repre st? flows and  t h  tisns 

a r e  descrr’ibe ne 

F ( i , j )  i n d i c a t e s  the f f r o m  compartment i t o  

rs  t o  a compartment ex 

A l l  flows i n t o  the s eled F(99, j ) ,  

e system are 7 ,99>. I n  t h e  l i s t  t h a t  

fluxes,  excepting p 

and r e s p i r a t i o n ,  which the  n e x t  sect ion.  

es a r e  grams biom quare meter per day .  

ground l ive  b i  

- photosynthet rhi z o m ~  : 0.7 (0.W 
- photosynthet r o o t s :  0.7(0.7 

- t r a n s f e r  r a  

- translocat ot t o  rhizomes: 
OTHl3CRH 

- t r a n s f e r  ead roo t  b i  

l i v i n g  biomass t o  n 

,12)  -- leaching 
$ 1 2 )  - leaching ra 
, 1 2 )  - leaching ra t  
,12) - leaching r a t  

RGLE31 LMOD 
-- leaching ra T LMODqX4 
- leaching r a t  ead biomass: 

F ( 2 , 4 )  - t r a n s f e r  rate r t o  litter: 

dead t o  o l d  standing de 



F(f j ,13)  - t r a n s f e r  r a t e  from r h l z o  
F(4 ,5)  - t r a n s f e r  r a  

organic  m a t t e r  t o  so i l  biomass: 
S 5  3- F ( S , l 2 ) ] X s  

I n  t h e  f l u x e s  above, 

Z1 2 CMNP; (23.2) 

BIOINC 2 C X A R i  

BIOI C M A R i  < BIQIMC < C X A R i  

C D X R i  A R i  , (2 .9 .3 )  

where BIOINC i s  t h e  i n c r e  e n t  o f  biomass t o  compart 

day.  Also,  

RES-., = r e s p i r a t i o n  per u n i t  biomass o f  compartment i (see 

PHOTOS = t o t a l  p h o t o s y n t h e t i c  p r o d u c t i o n  (see S e c t i o n  2 .9 ,1 .4 ) ,  
S e c t i o n  2 .9 .1 .4 ) ,  

and CDRi, CRHZi, CLCHi, PGWTL, PNSDWL, CROTi, PSQWL, and PBGDL 

a r e  c o n s t a n t s .  



3 0 

c 

2 .9 .1 .4  Photosy i s  

T i s  a constant 

esis. TEHPO i s  

0.0 

where TPHIW = -2 .0°C9 TP i s  

. I n  E q .  (2*9.4), proportion o f  g 

p h o t o s y n t h e s i  

- x1 XI SUNLIT T 1.0 - (1. ---I- 9 

BTOT BMX 

+ x2 + X Q *  

BMX = l i v e  biomass necessary do 
radiation. 
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R e s p i r a t i o n  f rom l i v e  p l a n t  eo 

erature-dependent process. R e s p i r a t i o n  p e r  u n i t  l i v e  biomass, 

RESi, i s  g iven  by 

[ ( T  - 10)/10] 
i = 1,6,13, ( 2 3 . 7 )  3 i % i  RESi = a 

where a 

and T i s  temperature.  

i s  t h e  r e s p i r a t i o n  r a t e  a t  10°C; a:i i s  t h e  9,, c o e f f i c i e n t ,  3 i  

2.9.1.5 Release o f  carbon through decomposit ion. Resp i ra to ry  

losses o f  C02 f r o m  dead p l a n t ,  l i t t e r ,  and s o i l  orga 

ents,  generated by i c r o b i a l  decomposers us ing  the s u b s t r a t e  as 

an energy source, i s  s imulated w i t h  an e x p l i c i t  adel  of m i c r o b i a l  

r e s p i r a t i o n  (Bunnel l  and P a i t  1974). 

biomass o f  t h e  dead organic  m a t t e r  compartments, RESi, 1s a f u n c t i o n  

o f  ba th  temperature,  P, and s u b s t r a t e  mois ture,  , and i s  g i v e n  by 

The r e s p i r a t i o n  r a t  

(2 .9 .8 )  

a = X mois ture  conten t  a t  w i c h  t h e  s u b s t r a t e  i s  h a l f - s a t u r a t e d  1 
w i t h  wa te r ,  

a =  mois ture  conten t  a t  which h a l f  t h e  channels are satura ted  and 2 

a = t h e  r e s p i r a t i o n  r a t e  t h a t  occurs a t  10°C hen n e i t h e r  oxygen 3 
n o r  mo is tu re  a r e  l i m d t i n g ,  

a = t h e  Q,, c o e f f i c i e n t .  4 
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Equation (2.9.8) i s  appljed t o  compartments X 2  to X g 9  X T 9  X8, 

and Xl0 tQ x,?. The p J 9  and a4 are 
compartment specific, 

9.2 

t e r  values su ell and Scoullar (1975) wer 

t h e  model. Pri r i v i n g  functions f o r  rad 

(t-51)/365) , (2.9.9) - z1 - - 

(t-80)/365] 

t i m e .  The rad has been normalized so 

a t  

ow, Alaska). A con oil moisture, Z3, i s  assumed 

sJs and respi 

er 5 s  fluxes gen 
-2 -1 el (g biomass m d ) CQ2 f l u x e s  

) by multiplicahio . Seasonal n 

exc (respiration m between t h e  t u n  

ec in and the atrnos Jg. 2 . 9 . 3 .  
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2,10 PINE FLATW 

ode1 f o r  carbon, phosphorus, and water  cyc les  i n  a p i n e  

oods ecosyste i n  north c e n t r a l  f l o r i d a  was develope 

and Ewe1 (1984). T h i s  system i s  a s l a s h  p i n e  (Pinus e l l i o t t i i )  

t a t i o n  and i s  t y p i c a l  o f  comnercial  f o r e s t s  t h a t  occupy 46% of t h e  

F l o r i d a  landscape. The adel should be r e  r e s e n t a t i v e  of seasonal 

carbon dynamics f o r  much o f  t h e  p i n e  f o r e s t s  o f  southeastern Un i ted  

Sta tes .  

2.10.1 S t r u c t u r e  o f  t h e  Mod 

2.10.1.1 Compartments. The model i s  co of t h r e e  submodels 

f o r  carbon ( F i g .  2.10.1), phosphorus ( F i g .  2.10.2), and water  

( F i g ,  2.10.3). The t h r e e  models a r e  i n t r i c a t e l y  coupled, as t h e  

a v a i l a b i l i t y  o f  phosphorus c o n t r o l s  t h e  photosynthe t ic  r a t e s  and 

phosphorus t r a n s p o r t  i s  r e  l a t e d  by s o i l  wa te r ,  

The s t a t e  v a r i a b l e s  corre i n g  t o  these compare en ts  a r e  l i s t e d  

The values o f  carbon a r e  i n  g C m-*, t h e  values o f  phosphorus below. 
-2 -2 a r e  i n  g P m , and t h e  values o f  w a t e r  a r e  i n  kg H20 

X1 - p i n e  f o l i a g e  
X2 - p i n e  stems and branches 
X3 - p i n e  r o o t s  
X4 - phosphorus i n  p i n e  f o l i a g e  
Xg - phosphorus i n  p ine  ste  
X6 - phosphorus i n  p i n e  r o o t s  
X7 - shrubs 
Xg - phosphorus i n  shrubs 
'Xg - herbs 
X10 - phosphorus i n  herbs 
X11 - carbon i n  l i t t e r  and pper  s a i l  hor izons 
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F i g .  p ine  f l a t w a d s  c 1 ow o f k i n  and Ewe1 ( 1  



BWNL--C)WG 85-14423 

F(I0, 12) 

ROOT P I 

LlVTEW 

F(13, 10) F(12, 13) 

AVAILABLE P 
IN SOIL 

F i g .  2.10.2. Cornpartme t a l  structure f pine  flatwoods 
bnodel. Modi f  eel f r o m  Galkin an 





102 

- phosphorus i n  l i t t e r  and associated w i t h  s o i l  organic  m a t t e r  
X13 - a v a i l a b l e  ( a c i d - e x t r a c t a  l e )  ~ h o ~ ~ ~ ~ r ~ ~  i n  t h e  s o i l  
X14 - t o t a l  phosphorus i n  t h e  s o i l  
X15 - s o i l  water  
X16 - ~ a ~ ~ r  i n  deep a q u i f e r  
X17 - phosphorus i n  f e r t i l i z e r  

2.10.1.2 D r i v i n g  v a r i a b l e s .  There a r e  t h r e e  exogenous d r i v i n  

v a r i a b l e s  i n  t h e  

p e r a t u r e  ( " C )  
n f a l l  ( inches)  

Z g ( t )  - i n s o l a t i o n  (1000 l a n  

D a i l y  values o f  t e  p e r a t u r e  and i n s o l a t i o n  a r e  i n t e r p r e t e  

s e r i e s  o f  e m p i r i c a l  values t h r s u g  t a year ( f r o m  G s l k i n  19 

R a i n f a l l  values a r e  taken f rom d a i l y  values o f  r a i n  f r o  1, 

7974, t o  Septe 

2.10.1.3 Flows or r a t e  processes. The f l o  

phosphorus, and w t e r  carrespond, r e s p e c t i v e l y ,  t o  t h e  arrows i n  

F i g s .  2 . 1 Q J  2.10.2, and 2.10.3. The assumptions u n d e r l y i n  

s a r e  descr ibed i n  d e t a j l  by G o l k i n  and Ewe1 (1984). Here we o n l y  

d e f i n e  t h e  f l o  s and p r o v i d e  t h e i r  f u n c t i o n a l  r e  r e s e n t a t i o n  o f  t 

carbon and phosphorus f lows.  The model r e ~ r ~ ~ @ n ~ a t i o n  o f  photosynthes is  

and r e s p i r a t i o n  i s  discussed f u r t h e r  i n  Sec t isn  2.10.1.4. The number 

99 r e f e r s  t o  a co partment e x t e r n a l  t o  the syste 

a r e  labe led  F ( 9 9 , j )  and a l l  f lows o u t  o f  t h e  sys te  

F( i ,99) .  The K . ' s  are constants .  
1 

F(99,l) .- photosynthes is  o f  p i n e  f o l i a g  
F(1,99) 
F ( ' l , 2 )  - t r a n s l o c a t i o n  o f  carbon f r o m  + branches: 0 

F(1,11) .- l i t t e r f a l l  o f  pine f o l i a g e  : C4X1 

- r e s p i r a t i o n  o f  p ine  f o l i a g e :  

i f  (A1LCl) and C2X1 i f  (ApC1)  
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re 

K1 = l l g l h t  e x t i n c t i o n  co 

r e  are  functions o r  t h e  f o l l o  

ents; (1)  pine f o  tern and branch r a t i o n  

(5 )  herbs.  T are  ‘10’ C f  ( 3 )  root  respiration C8, ( 

as fol lows;  

(2.10.3) 
(2 .1  Q * 4 )  
(2.10*5) 
(2.10.6) 

, K19 and  K Z 0  are 

2.10.1.5 Respi ra tary 

s o f  C02 f rom l i t t e r  i s  d by the func t ion .  

SEASONAL PHOTOSYN 

a on the forc ing  rature,  r a i n f a l l  , and 

a t i o n ,  were provided i 

c t i o n s ,  F l ( t )  t h r o u g h  E e l l  as the  i n i t i a l  

e v a r i a b l e s ,  were o rom the same source. T ues 

used t o  simulate CO course o f  a ye 

f l u x e s  a t  5-day in t e rva l  F i g .  2.18.4. Carbon values 

er  by the model w d t o  C02 equiva len ts  using a 



convers ion f a c t o r  o f  1 g @  = 3.67 g C02. Seasonal n e t  C02 exchange 

een t h e  f o r e s t  stand and the a t  sphere i s  p l o t t e d  i n  F i g .  2.10.5.  

N e t  exchange 4 s  r e s p i r a t i o n  {nus ~ ~ ~ ~ ~ ~ y ~ t ~ e ~ ~ ~ .  Hence, a p o s i t i v e  

i e a t e s  t h e  stand i s  a c t i n g  as a soure o f  atmospheric C02; a 

n e g a t i v e  va lues i n d i c a t e s  the stand i s  a c t i n g  as a s ink .  
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0.04 
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Q 50 200 250 350 

F i g ,  2.10.4. Seasana 
resp i  ra Flux 
u n l t s  a 
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0.0 3 

-0.01 w 

- 0.02 

8 1 2 
(juiian day) 

F i g ,  2.10,5. Seasonal net CO2 exchange between t h e  atm 
F l u x  u n i t s  are  p i n e  flatwoods ecosystem. 

el-1. 
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3 .  EXTRA L, T N OF 

o f  f u t u r e  res xtend s i te -spe 

rep  r e s e n t  t h  f l u x e s  o f  who 

x t r a p o l a t i n g  s 1s t o  biome- 

two phases, process w i l l  b 

i c a l  e x t e n t  o f  ecosystem types 

s i t e - s p e c i f i c  models can e n t a t i v e .  Any 

t i o n s  i s  t o  

n scheme, and 

on t h e  c r i t e r i a  

c o r  c l i m a t i c  behind t h e  c 

w c l a s s i f i e d ,  a a considerab 

he terogene i ty  in t i c ,  and eda 

i c s ,  as w e l l  as 1 ccess iona l  st 

ea1 w i t h  t h l  i d e n t i f i c a t i o  

h e t e  y i n  t h e  f a l l o  

f i r s t  l e v e l  o f  es w i l l  be d e f i n  

o f  t h e  a v a i l a  c i f i c  models 

t i o n  and mappi cosystems de 

, and A l l i s o n  ( y, a t  l e a s t ,  

t h e  o d e f i n e  t h e  b , Watts, and A 1  

c l  t i o n  i s  h i e r a r c  g e s t  ecosys 

W n s i t e - s p e c i f  l e  represent  

Level  One B i  s c r i b e s  t h e  represe 

c models t h a t  ed t o  date.  Fro 
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Bandhlm e t  al. (1973) Tropica l  rainforest  

 an^^^ e t  a l .  (1973) Lubuanrbashi Z a i r e  Tropical  d r y  deciduous 
sod 1 and 

Andersson e t  a l .  (1973) V i r e l l e s ,  ~~1~~~~ pera te  deciduous 
f o r e s t  

S o l l i n s ,  Weichle, Oak Ridge, Tennessee Te ciduous f o r e s t  
and Olson (1943) 

Attiwill et al. (1973) Vic to r i a ,  Australia Te perate broad-leaved 
evergreen fores t  

Central  F i n l a n d  

Bosatta (1 988) Boreal coniferous f o r e s t  

Krishnamur thy  (1978) Wajkot, India  T r o p i c a l  g r a s s l a  

orris e t  a l .  (19 Nylsvley Savanna, Tropical savanna 
Furniss e t  ali. (1 Nor th  Transvaal  

Parton and Singh (1884) BelRi, Ind ia  T rop i e a 1 CJ ra s s 1 an 

Detl i ng, Parton,  a n d  ~~~~~~~~~~ rn perate grassland 
Hunt (1979) Colorado she r t g  ra s s ) 

Par ton  a n d  Singh (1976) Osage, ~ ~ l a ~ o ~ ~  Temperate gras s l an  
( t a l l g r a % S )  

l e t a n  e t  a l .  (1983) Freswo County, 
ea1 i f  o rn i a  (annual) 

Heasly, Lauenroth, and Southeastern 
Yorks (1984) ~~~~~~~ 



111 
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d Scoulla 

( 1  974) 
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descriptions in S e c t ,  2, it is obvious; t h a t  all o f  t h e s e  

no t  y e t  been fully i wted- Figure 3.1 illustrates t 

distribution of site-specific models. Table 3.2 describes the re 

classification o f  t h  ode1 sites according t a  the  Olson, 

Allisow (1983) classification sche e ,  Table 3 . 3  provides descriptive 

tion for these regkmal types .  

The next step in def”r ing the appropriate biogeographical region 

o v e r  which a site-specific el m y  be extrapolate i l l  be t o  use our 

comp-Hation o f  data on seasonal terrestrial carbon fluxes (King and 

BeAngelis 1985). The sites o f  these e pi rical data  sources 

assigned t o  an ecasyste 

geographical location, and t h e  ecssyste mapping of Olson, Watts, and 

Allison (1983). Ss e of‘ the empirical sites w911 represent 

sufficiently unique ecosys te  types that they can be defined as 

subtypes ( L e - ,  Level Two Ecosyste ithin a Level One 

type according t o  vegetation characteristics, 

e, These ecosystle types will 0 ards through the 

hierarchical classification until a Level One Biome i s  reached. Hence, 

111 have defined a large-scale biome 

ber, type ,  and geo 

sources on seasonal terrestrial car on fluxes. I t  is not  clear 

the intensive sites describe? site-specific models are 

representative hose structure they represent, o r  

whether the input o r  turnover rates should be adjusted t o  

re representative. Our proposed extrapolation will aid i n  clarlfying 

t h i s  point. 
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Table 3.2* Regional c l a s s i f i c a t i o n  o f  t h e  s i t e - s p e c i f i c  models 
according t o  Olson, I l i s o n  (1983) 

ode1 s tona l  c l a s s i f i c a t i o n  

ndhu e t  a l .  (1973) - a 

~~~u e t  a l .  (1973) - B 

Andersson e% a l .  (1973) 

u a t o r i a l  f o r e s t  

Tropical dry f o r e s t  and woodland 

S o l l i n s ,  Re'ichle, 
and  Olson (1973) 

i l l  e t  a l e  (1943) Broad-leaved south t e  
forest 

Coni ferous Forest 
Modeling Group (1977) 

Kanninen, Hari, and 
Kellomaki (1982) 

a i n  t a i g a  

Bosat ta  (1980) II 

r hot  conifer 

Singh (1973) 

r" h o t  shrub and grassland 
g ra s s 1 an 

Succulent  and t h o r n  woods 
and scrub 

orris e t  a l .  (197 

Parton and Sing 

Det l ing ,  Parton, and  

P a r t o n ,  Singh, and 
Coleman (1 978) 

Hunt (1  979) 
r Rot  s h r u b  an 

grass 1 and 

Ldarsn o r  h o t  s h r u b  and grassland ndleton e t  a l .  (19 

Heasly, l auenro th ,  and 
Yorks (1984) 

Warm o r  h o t  s h r u b  and  grass land  

Warm o r  h o t  s h r u b  and  grass land  



Models gional class4 

(continued) 

11 and Scoull 
1 5 )  - iz 

Bunnell and Scoullar Tundra 
(1975) - b 

Bunnell and Scoul lar  Heath and moorland 
(1975) - c 

ert  and semid 



Table 3.3. Descrlgtions of the Olsor.~, a t t s ,  and Allison (1983) 
regional classifications ~ ~ ~ r ~ ~ ~ ~ ~ ~ d  by t h e  site-specific 
models 

ional classification Area Total P l a n t  
2) carbon (et,) 

Evergreen equatorial forest 10.38 

Tropical d r y  f o r e s t  and 4.72 
wood 1 and 

Deciduous (sumergreen) 1.493 
f orest 

Broad-leaved south temperate a 
forest 

Cool conifer 3 9  

Warm o r  hot confier b 

Ndi n taiga 7.16c 

Warm or hot towns, etc. d 

Warm or hot shrub and 17.3 
grass 1 and 

Succulent and thorn woods 4.0 
and scrub 

F i  e 1 d/woods comp 1 ex d 

Tundra 11 .o 
Heath and moorland 0.1 5 

Desert and semidesert 1 8 9  

155.7 

33 

15.0a 

a 

59b 

b 

52c 

d 

22.6  

16 

d 

9.0 

0.22 

5.0e 

8 . 3  

2.7 

0.9a 

a 

2 . l b  

b 

3c 

d 

7.0 

1 .€9 

d 

1.4 

0.04 

1 .4e  

%timate for Olson, Watts,  and Allison's (1983) temperate broad- 

k s t  hate f o r  01 son, Wat ts ,  and A1 1 i son I s (1 983) other conifer 
CEstirnate! for O l s o n ,  Watts,  and Allison's (1983) 

dOlson, Watts, and Allison's (1983) Plate 1 ,  map o f  carbon 

leaved forest. 

ain and southern 
taiga. 

distribution, distinguishes areas of human habitation and cultivation 
or old fields or bush fallow that s partly recovering from recent 
cycles of cropping. However, the ode1 sites are not o f  sufficient 
scale t o  encompass these influence and cannot be considered 
representative of the regional type indicated. Possibly the immature 
recovery phases o f  native vegetation could approximate the regional 
average pools, but the dynamics o f  t h e  system would preferably take 
into account the existence of a mosaic of different cover types. 

semidesert, including sandy desert that may be bare over 
'%Estimate for Olson, Wat ts ,  and Allison's (1983) nonpolar desert or 
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woods and field , it may be possible t o  e s t 4  

carbon flux in open oocled areas such as t h e  ~ ~ ~ t h ~ ~ ~  Taiga and 

Tropical Savanna (see below) by using t h e  appropriate combinatjon o f  

1s. I f  such e x e r c i s e s  provide unreasonable o r  

suspicious results, 

or ecosystem-type resolution. That  is, we i l l  not initially consider 

t h e  open Northern Taiga t o  be the rest o f  the 

Forest (Taiga i n  the broad Russian se rd) .  We are  a 

t h a t  such lumping o f  ecssyste types may reduce the accuracy o f  our 

e have the option of reducing the scale o f  B i o  

ates o f  biome-scale carbon fluxes; a r gionally extende 

uire a different this more coarsely aggr 

average o f  pools and fluxes than found in the site-specific research 

which the original calibrations ere derived. However, such 

simplifications and approxi a t i a n s  a r e  a real, i f  unfortunate, part o f  

ecological investigations of this scale; they are also a necessary 

60 data availability and project goals. Furthermore, 

they draw attention to so 

the future. 

o f  the gap-filling research requirements o f  

s category o f  Olson, Watts,  and llison (1983) 

presents a similar problem but at a different scale. 

heterogeneity on a scale o f  hectares, as in the forest-field m 

Instead o f  

eneity QCCUI"S on a scale o f  tens o f  square e te r s -  Part o f  t h i s  

e l s ,  such a5 t k  t o f  Sollins, Reichle, and 

y explicitly consider mixed stands. So 

heterogeneity may also be simulate by considering t he  proportional 

t a t i o n  o f  pure stands (and simulating those stands), provided 



9 

Woodland i 

ecosystem mode 

be f o r c e d  t o  

s .  Data set  
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rogeneous a 
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l i n e d  for re 

5 and woodland mo n ,  Wat ts ,  and 



e ,  we expect t o  be a b l e  t o  e n c ~  o f  t h e  l a n d  are 

t o t a l  p lan t  carbon, and annual net p r y  panoduct-ism estimated by 

h i t t a k e r  and Likens (1975) .  In shor t ,  we expect our thendology t o  be 

capable of adequately r ~ ~ ~ ~ ~ ~ ~ t i ~ ~  the  extent of t h e  t e r r e s t r i a l  

b i  Qsphere. 

Phase t w o  o f  t he  e x t r a  olatlsn process 111 involve the  

e-level seasonal carbon dynamics. The s i t  

i n  almost a l l  cases,  d r ive  by seasonally variable c l i  t l c  o r  other  

ab io t i c  f ac to r s  ( see  Sect .  2 ) .  First, we i l l  determine the  ge 

d i s t r ibu t ion  (across the  level One, e >  o f  the  d r i v i n  

associated w i t h  t he  s i t e - spec i f i c  1 which represents t h a t  region. 

Many of  t he  sources of seasonal carbon f l u x  da t a  include data on 

a t l c  variables ( K i n g  and  DeAn e l i s  1985) ,  here the  d r i v i n g  

variables needed f o r  a s i t e - spec i f i c  model a r e  o t  included dn a 

a1 carbon f l u x  da ta  source, or where additional heterogeneity 

i t h i w  a def ined  vegetation association i s  desira l e ,  independent 

sources o f  climatic data ( e * g . ,  other ecological s tud ie s ,  cl imatic 

a t l a s e s ,  and climatic d a t  bases) ,  general c l i  a t e  functions ( e - g . ,  

s o l a r  radiation as  a function o f  l a t i t u d e  and t i m e  o f  y e a r ) ,  

in te rpola t ions ,  and reasonable assu t ions wi l l  be used t o  provide t h e  

needed d r i v i n g  var iab les ,  We will  then r u n  t he  s i t e - spec i f i c  

l a t ion  models using t e geographically d i s t r i b u t e  d r i v i n g  variable 

d a t a .  These data  i l l  probably be long-term avera es not. spec i f i c  t o  

‘any  given year. 

ode1 u s i n g  t h e  d r l v i n g  variable 

data  associated w i t h  t he  centroid o f  t h e  appropriate Level One 
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expressed will be dictated by QUO" abllity t o  obtain i ~ ~ ~ ~ ~ n d e n t  driving 

data, the geographic ~~~~~~~~~~~~y o f  those  data ,  t h e  

distribution o f  seasonal carbon f l u x  data sites, decisions on the 

tive importance o f  a vegetation association ( e . g e o  areal exte 

relative carbon storage, and relative net prim productivity) , and 

a t i a n s  o f  a geographic rid resolution patlble with GC 

The seasonal carbon flux data  sources i l l  not only provide 

a t i c  data b u t  will a l s o  serve as points o f  model evaluation (Cale, 

O'Neill, and Shugart 19 3 ) *  Unfortunately, very few e 

available on the model predictions of greatest, interest t o  our 

investigation, that is, the se 

atmosphere and an entire vegetation stand. ever ,  the sources o f  

empirical data on seasonal carbon fluxes (King and DeAngelis 1985) do 

data on seasonal standllng crop and within-stand carbon fluxes 

e ,  litterfall). In our simulations o f  a particular ecosyste 

o r  vegetation association, we i l l  attempt to approxi 

irical data. As stated earlier, we, are proceeding on the assumption 

that the dynamics imposed by seasonal driving variables will capture 

o s t  of the seasonal variability i lrical data, for ~ x a ~ p l e ,  in 

standing crop. However, this process will probably require so 

ning of rate para rs o r  site-specific parameters (e.g., 

soi 1 -type factors). e hope t o  keep changes in the site-specific 

models t o  a mini . Any changes ented, and their 

ications explored. Given the a a t  an accurate 

prediction of stand-atmosphere C02 exchange accompanies an accurate 

prediction o f  standing crop, our ability t o  simulate stan ing crop w i t h  



accuracy w i l  c e p t a b i l i t y  o f  t 

es. T h i s  model cedure w l l l  I n  

i o n a l  carbon 

Where da ta  on 

ions and work 

f i t  between e r v a t i o n .  T 

t h  observat io  

w i t h i n  -stand 

onal and g l o  volv ing proc 

here  i s  a wo the ex l rapo la  

w i l l  be r e f i  n response t o  

considerat ions 11 be eva lua te  

but ion  towards o f  s ys tema t i e 

large-scale  p mena. 



The objective o f  t h i s  r e  rt has been t o  docu ewt a number of s i t e  

sdels currently i n  use a t  OR scribe seasonal c~~~~~ fluxes i n  i% 

variety sf  t e r r e s t r i a l  e m s y s t e m  e have n o t  yet used a l l  available 

models, o r  analyze i n  detail the seasonal patterns described by t h e ,  

models discussed here. This will be done in a subsequent re 

pletion o f  the extrapolation process  discussed in Sec t .  3 will 

provide a su i t e  o f  models describing t h e  seasonal carbon dynamics o f  

t h e  ea r th ' s  main t e r r e s t r i a l  biomes. These mo 11 guide decisions 

on how many t ransi t ional  00" strongly disturbed 

desirable. Present cases probably simulate t h e  seasonal exchange o f  

osphere and the main land areas o f  the t e r r e s t r i a l  

biota (see Sect. 2 ) .  log t h e y  w i t h  the  geographical dis t r ibut ion o f  

es and climate, they wi l l  provide -varying boundary  

conditions, o r  a biospheric C02 ~ x ~ ~ a ~ ~ ~  

del (see Pearman and Hyson 1 

Fung e t  a l .  1983; Heimann, Keeling, and Fung 1985) .  

The integration o f  our  biospheric exchange model i n t o  

atmospheric C02 t racer  model m i g h t  consist  of two pa 

e r ies  climatic data  can be used t o  drive our  biospheric 
odel .  These dart ore possible 5ource5 
bed i n  Sect. 3 ) .  F i r s t ,  ma e studies described 

by King and DeAngelis (1985) contain f o r  specific years. 
Second, one can use actual climatic d s l s  for  a period 
o f  years. 

The resul ts  cou ld  include the seasonally varying net CQ2 
fluxes a t  the centroids o f  the principal biomes o f  the earth over one 
o r  more years. More refined spat ia l  resolution i s  a lso possible, b u t  
t h i s  will probably require additional years o f  evaluation. 

These data can be used as i n p u t  f o r  a blosgheric ~ x ~ ~ a ~ ~ e  
. model. 
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o f  those principles now e erg jng  from considerat ons o f  scale and 

hierarchy in eso s (Allen and S t a n -  19 2; Allen, O'Neill, 

and Moelestra 19 Q'Neill e t  a l e  in p r e s s ;  Urban, 

Shugart in review). These principles a l s o  have an i 

erstanding the biosphere-at sphere interface, 

The method we have outlined Is7 this report for developing a 

biospheric C02 source f u n c t i o n  is o f  course not the only approach. 

Other source functions have bee built and utilized (Junge and Czeplak 

n and Hyson 1981; Fung e t  a l .  1983), althou 

uncomfortable with the ecology o f  some o f  the 

alternative source functions i s  likely. The relatively rapid 

meteorological s oothing o f  climatic and C02 data in the a t  

mean that the geophysical purposes can be served t o  fair 

approximation by even broader pooling than that currently suggested by 

Tables 3.2 and 3 . 3 ,  an by a smaller number o f  pools than were 

ested f o r  various purposes o f  local ecosyste 

incorporated in the site-speclfic models. E c o l s  

that 

like 

depart considerably fro artmental approach o f  ecosyste 

s are also possible. A variety o f  large-scale carbon dyna 

s that can be used as biospheric C02 source functions will 

y be available in the near future. Understanding gained in their 

development will a1 os t  certainly benefit the madding o f  

biosghere-a~mosphere-g9osphere interfaces i n  other biogeochemical 

. cycles, 
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