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• Land Surface Model (LSM)
• Terrestrial Biosphere Model (TBM)
• Terrestrial Ecosystem Model (TEM)
• *Dynamic Global Vegetation Model (DGVM)
• NOT Ecological Model (Lotka‐Voltera –
Predator/Prey), Foodweb Model; not hydrological
model

• Can we predict/understand ecosystem dynamics
from mathematical equations?
– Forced by climate (precipitation, temperature,
radiation, humidity); constrained by substrate
(topography, elevation, soil depth, soil texture)

L A ND   S U R FA C E  MODE L



• Integration of four groups of processes

Plant geography

Biophysics

Biogeochemistry

Vegetation Dynamics

D
G
V
M

Köppen, Box, MAPSS

Miami, TEM, Century

SiB, BATS, LSM

JABOWA, Foret, FORSKA

D E V E L O PMEN T

From Kaplan & Sitch
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PHOTOSYNTHESIS  → GROSS  PRIMARY  PRODUCTION  (GPP)

TRANSPIRATION



STOMATAL  CONDUCTANCE



PHOTOSYNTHESI
S



TRANSPIRATION



Gs = g0 + g1 * A * H / Ca
A = Gs * AQ

Equations: 
Equations in BallBerry4aP

Equations in Environment

Variable C_a : Carbon dioxide concentration (umol CO2 (mol air)^‐1)
C_a = graph(time())
Comments:
Typical diurnal curve in forest canopy

Variable H : Relative humidity (proportion)
H = graph(time())
Comments:
Typical diurnal graph (24 hour)

Variable Q : Photon flux density (umol m^‐2 s^‐1)
Q = graph(time())
Comments:
Graph for a sunny day (24 hours)

Equations in Ball‐Berry

Variable Gs_start
Gs_start = if time()==0 then g_0 else last(Gs_0)
Where:
Gs_0=Iteration time step/Gs_0

Variable g_0 : Stomatal conductance in the dark (mol m^‐2 s^‐1)
g_0 = 0.01

Variable g_1 : Ball‐Berry stomatal conductance coefficient
g_1 = 23

Equations in Iteration time step

Alarm
Variable Gs
Gs = if loop_count==0 then Gs_start else Gs_0
Where:
Gs_start=../Gs_start

Variable Gs_0 : Stomatal conductance (mol m^‐2 s^‐1)
Gs_0 = g_0+g_1*A*H/C_a
Where:
A=Assimilation/A
H=../../Environment/H
C_a=../../Environment/C_a
g_0=../g_0
g_1=../g_1
Comments:
Ball‐Berry equation

Variable loop_count
loop_count = iterations(al1)

Equations in Assimilation

Variable A : Assimation (umol CO2 m^‐2 s^‐1)
A = A_Q*Gs
Where:
Gs=../Gs

Variable A_Q : Assimilation light response curve
A_Q = graph(Q)
Where:
Q=../../../Environment/Q

STOMATAL  CONDUCTANCE

PHOTOSYNTHESIS  → GROSS  PRIMARY  PRODUCTION  (GPP)

TRANSPIRATION

S TOMATAL   CONDUCTANCE
‐ BA L L   E T  AL .   ( 1 9 8 7 )
‐ JARV I S   ( 1 9 7 6 )
‐ L EUN ING   ( 1 9 9 5 )
‐ S T EWART   ( 1 9 8 8 )
‐ HAXE LT I N E  &   PR ENT I C E   ( 1 9 9 6 )
‐ COX   E T  AL   ( 1 9 9 8 )

PHOTOSYNTHE S I S / G P P
‐ BAS ED  ON   S TOMATA L   CONDUC TANC E
‐ BAS ED  ON   L I GH T  USE   E F F I C I EN C Y
‐ BAS ED  ON   ENZYME   K IN E T I C S

TRANSP I RAT ION
‐ MONTE I TH   ( 1 9 6 5 )
‐ PR I E S T L E Y ‐ TAY LOR   ( 1 9 7 2 )
‐ CAMPBE L L   ( 1 9 7 7 )
‐ BONAN   ( 1 9 8 9 )
‐ OLE SON   E T  AL   ( 2 0 1 0 )
‐ MEDV I G Y   E T  AL   ( 2 0 0 9 )
‐ F R I END  &  K I ANG   ( 2 0 0 5 )
‐ BA L L   E T  AL   ( 1 9 8 7 )
‐ MI L LY  &   SHMAK IN   ( 2 0 0 2 )
‐ F ED ER ER   ( 1 9 8 2 )
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CANOPY  SCALING

PHENOLOGY   /  LITTERFALL

INTERCEPTION

AERODYNAMICS

RADIATION  DIFFUSION

CANOPY   S CA L I NG
‐ OPT IMUM  N LEAF D I S T R I BU T I ON

CANOPY   PHENOLOGY
‐ PROGNOST I C :   T EMPERATURE ,   SO I L  MO I S TURE
‐ D I AGNOS T I C :   LA I ,  NDV I
‐ L I T T ER FA L L :   DA I LY ,  MONTHLY ,   ANNUAL   CARBON   BA LANCE

I N T ERC EP T I ON
‐ FUNC T I ON  OF   PR E C I P I TAT I ON   AND   L EA F  AREA   I ND E X   ( L A I )

AERODYNAM I C S
‐ LOG ‐WIND   PROF I L E
‐ HE I GH T ‐PROPORT I ONA L  NEUTRA L   TRANS F ER   COE F F I C I EN T S

RAD I AT ION  D I F FU S ION
‐ BE ER ' S   LAW  APP L I ED   TO :
‐ P LANT   FUNC T IONA L   T Y P E   ( P F T )
‐ TOTA L   V EG E TAT I ON
‐ V EG E TAT I ON   F RAC T I ON

CANOPY   T EMPERATURE
‐ ENERGY   BA LANCE

CANOPY  TEMPERATURE
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PLANT  FUNCTIONAL  TYPE  (PFT)

AUTOTROPHIC  RESPIRATION  (Ra)

NET  PRIMARY  PRODUCTION  (NPP)

C  ALLOCATION

N  ALLOCATION

THROUGHFALL/STEMFLOW

P L A N T   F U N C T I O N A L   T Y P E
‐ T R E E S   E V E R G R E E N :
‐ B R O A D L E A F   E V E R G R E E N
‐ T R O P I C A L   B R O A D L E A F   E V E R G R E E N
‐ T E M P E R A T E   B R O A D L E A F   E V E R G R E E N
‐ T E M P E R A T E   N E E D L E L E A F   E V E R G R E E N
‐ B O R E A L   N E E D L E L E A F   E V E R G R E E N

‐ T R E E S   D E C I D U O U S :
‐ T R O P I C A L   R A I N G R E E N
‐ T E M P E R A T E   S U M M E R G R E E N
‐ B O R E A L   S U M M E R G R E E N
‐ B R O A D L E A F   D E C I D U O U S
‐ N E E D L E L E A F   D E C I D U O U S

‐ G R A S S E S / F O R B S :
‐ C 3   H E R B A C E O U S
‐ C 4   H E R B A C E O U S
‐ D E P E N D E N T   O N   S O I L   M O I S T U R E ,   C A R B O N   B A L A N C E ,   C L I M A T E   Z O N E

‐ S H R U B S

A U T O T R O P H I C   R E S P I R A T I O N   ( R a )
‐ P R E C I P I T A T I O N ,   A I R   T E M P E R A T U R E ,   R A D I A T I O N ,   H U M I D I T Y
‐ S O I L   T E M P E R A T U R E
‐ S O I L   M O I S T U R E
‐ V E G E T A T I O N   C
‐ G P P
‐ L E A F   N
‐ F I P A R
‐ P R O P O R T I O N A L   T O   G R O W T H
‐ S A P W O O D   R E S P I R A T I O N :  
‐ G I F F O R D   ( 1 9 9 5 )
‐ L L O Y D   &   T A Y L O R   ( 1 9 9 4 )
‐ T E M P E R A T U R E ,   M A S S ,   C : N
‐ Q 1 0

‐ F I N E   R O O T   R E S P I R A T I O N :
‐ T E M P E R A T U R E ,   C ,   N

N E T   P R I M A R Y   P R O D U C T I O N   ( N P P )
‐ G P P   M I N U S   R a
‐ P R E C I P I T A T I O N ,   A I R   T E M P E R A T U R E ,   R A D I A T I O N ,   H U M I D I T Y
‐ S O I L   M O I S T U R E
‐ V E G E T A T I O N   C
‐ G P P
‐ L E A F   N
‐ F A P A R
‐ L A I
‐ C O 2
‐ S O I L   N
‐ P O T E N T I A L   E V A P O T R A N S P I R A T I O N   ( P E T )
‐ L I G H T   U S E   E F F I C I E N C Y

C   A L L O C A T I O N
‐ A L L O M E T R I C   R E L A T I O N S H I P S
‐ R E S O U R C E   O P T I M I Z A T I O N

N   A L L O C A T I O N
‐ F I X E D   C : N
‐ V A R I A B L E   W I T H   L I G H T
‐ R E S O U R C E   O P T I M I Z A T I O N

T H R O U G H F A L L / S T E M F L O W
‐ N / A
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SO I L   LAY ER S / POOL S

N  UPTAKE

DE COMPOS I T I ON

HE T EROTROPH I C   RE S P I RAT I ON  
( R h )

E COSY S T EM   RE S P I RAT I ON   ( R e )

N E T   E COSY S T EM   E X CHANGE   ( N E E )

SNOWMELT

I N F I LT RAT I ON / P ER CO LAT I ON

SO I L   E VAPORAT ION

EVAPOTRANSP I RAT I ON

RUNOF F

R I V ER  ROUT ING

WATER   BA LANCE

COMPE T I T I ON

E S TAB L I SHMENT

MORTA L I T Y

F I R E

S O I L L A Y E R S
‐ 2 ‐ 1 4

S O I L P O O L S
‐ 0 ‐ 1 5

N U P T A K E
‐ R e s o u r c e o p t i m i z a t i o n
‐ A t d e m a n d
‐ S o i l C , N d e c o m p o s i t i o n , s o i l T ,
m o i s t u r e

D E C O M P O S I T I O N
‐ C E N T U R Y
‐ P a r t o n e t a l ( 1 9 8 8 )

H E T E R O T R O P H I C R E S P I R A T I O N ( R h )
‐ Z e r o ‐ o r d e r M o d e l
‐ F i r s t o r G r e a t e r O r d e r M o d e l
‐ A i r t e m p e r a t u r e , s o i l t e m p e r a t u r e ,
p r e c i p i t a t i o n , s o i l m o i s t u r e , E T , s o i l
c a r b o n , s o i l N
‐ C O 2 d i f f u s i o n , d i s s o l v e d C l o s s ,
v e g e t a t i o n C , l e a f N , r a d i a t i o n

E C O S Y S T E M R E S P I R A T I O N ( R e )
‐ R a + R h
‐ A i r t e m p e r a t u r e , s o i l t e m p e r a t u r e , s o i l
m o i s t u r e , s o i l c a r b o n , v e g e t a t i o n
c a r b o n , L A I
‐ F o r c e d a n n u a l b a l a n c e

N E T E C O S Y S T E M E X C H A N G E ( N E E )
‐ N P P ‐ R h
‐ S o i l t e m p e r a t u r e , s o i l m o i s t u r e ,
r a d i a t i o n , V P D
‐ G P P ‐ R e

S N O W M E L T
‐ T e m p e r a t u r e
‐ E n e r g y b a l a n c e
‐ D e g r e e ‐ d a y
‐ C o u g h l a n & R u n n i n g ( 1 9 9 7 )
‐ W a l k o e t a l ( 2 0 0 0 )
‐ H a n s e n e t a l ( 1 9 8 3 )
‐ I t o & O i k a w a ( 2 0 0 2 )

I N F I L T R A T I O N / P E R C O L A T I O N
‐ A l l ; u p w a r d m o v e m e n t w h e n w i l t i n g p o i n t i s r e a c h e d i n
a s o i l l a y e r
‐ U n i f o r m s o i l p o r o s i t y
‐ G r e e n ‐ A m p t
‐ T i m e d e r i v a t i v e f r o m r a i n a n d s n o w
‐ S o i l t e x t u r e , o r g a n i c m a t t e r c o n t e n t , s o i l t h i c k n e s s
‐ R o o t z o n e w a t e r s t o r a g e < F i e l d c a p a c i t y
‐ P ‐ E T i ‐ E T s

S O I L E V A P O R A T I O N
‐ S c h e i t e r & H i g g i n s ( 2 0 0 9 )
‐ P r i e s t l e y ‐ T a y l o r ( 1 9 7 2 )
‐ C a m p b e l l ( 1 9 7 7 )
‐ B o n a n ( 1 9 7 9 )
‐ O l e s o n e t a l ( 2 0 1 0 )
‐ S o i l m o i s t u r e , h u m i d i t y , s u r f a c e r e s i s t a n c e , P E T
‐ M a h f o u f & N o i l h a n ( 1 9 9 1 )
‐ H u a n g e t a l ( 1 9 9 6 )
‐ M o n t e i t h & U n s w o r t h ( 1 9 9 0 )
‐ D e a r d o r f f ( 1 9 7 2 )

E V A P O T R A N S P I R A T I O N
‐ P e n m a n ‐M o n t e i t h

R U N O F F
‐ > F i e l d c a p a c i t y
‐ > S a t u r a t e d w a t e r c o n t e n t
‐ B e v e n & K i r k b y ( 1 9 7 9 )
‐ P o l l a r d & T h o m p s o n ( 1 9 9 5 )

R I V E R R O U T I N G
‐ N o n e
‐ V a r i a b l e v e l o c i t y r o u t i n g
‐ R i v e r T r a n s p o r t M o d e l

W A T E R B A L A N C E
‐ T i p p i n g b u c k e t
‐ P o t t e r ( 1 9 9 7 )
‐ D a r c y ' s L a w
‐ O l e s o n e t a l ( 2 0 1 0 )
‐ R o s e n z w e i g & A b r a m o p l o u l o s ( 1 9 9 7 )
‐ R i c h a r d s e q u a t i o n s
‐ N e i l s o n ( 1 9 9 5 )

C O M P E T I T I O N
‐ L i g h t
‐ W a t e r

E S T A B L I S H M E N T
‐ U n i f o r m
‐ C l i m a t i c a l l y f a v o r e d P F T s
e s t a b l i s h i n p r o p o r t i o n t o
a r e a a v a i l a b l e

M O R T A L I T Y
‐ C a r b o n p o o l s
‐ D e t e r m i n i s t i c b a s e l i n e ;
p r e s c r i b e d p e r P F T
‐ F i r e
‐ E x t r e m e t e m p e r a t u r e s
‐ W i n d t h r o w

F I R E
‐ N o / y e s
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STEMFLOW

SOIL  LAYERS /POOLS

N  UPTAKE

DECOMPOSIT ION
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(Rh)

ECOSYSTEM  RESP IRAT ION   (Re)

NET  ECOSYSTEM  EXCHANGE   (NEE)

SNOWMELT
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SOIL  EVAPORATION

EVAPOTRANSPIRAT ION

RUNOFF

RIVER  ROUTING

WATER  BALANCE

COMPET IT ION

ESTABL ISHMENT

MORTAL ITY

F IRE



• Fire
• CH4
• N2O
•Mycorrhizae
• Hydraulic redistribution
• Drought‐induced mortality
• Plant community dynamics
• Nutrient limitation (N, P, …)
• Land use change/deforestation
• Thermal acclimation of respiration
• Thermal acclimation of photosynthesis
• High CO2 acclimation of photosynthesis
• Autotrophic respiration sensitivity to drought

P R O C E S S E S   N O T   G E N E R A L L Y   I N C L U D E D



Bonan et al. 2003

AR CH I T E C T U R E
ATMOSPHERE

BIOGEOPHYSICS
VEGETATION DYNAMICS

ecophysiology

BIOGEOCHEMISTRY

• Spatially distributed (>0.5゜), raster‐based or individual site.
• Half‐hourly, daily, monthly time steps.



Biome‐BGC

BCC‐AVIM

CABLE

CLM

HYLAND

IBIS

JULES JSBACH

LPx

LPJwsl

LPJ‐GUESS
LPJ‐WhyME

ORCHIDEE

O‐CN

ORCHIDEE‐
WET

SDGVM

SPA

SiB‐3 SiB‐CASA
TEM

DLEM
VEGAS

BEPSCAN‐IBIS

CN‐CLASSECOSYS

ED2

SSiB2

TECO

LoTECCASA‐Ames
CASA‐GFED3

ISAM



I N T E R C O M P A R I S O N





N A C P   R E G I O N A L   S Y N T H E S I S





MPI‐BGCACOS

EC‐MODCASA‐AMES

CASA‐GFED CABLE

CM S  N E E



B E N C H ‐
M A R K I N G



C ‐ L AMP



JULES

LPX

LPJml

LPJGUESS

ORCHIDEE

SeaWiFS
fAPAR

Fisher et al., unpublished

E N S E M B L E S   – F A P A R



Kelley et al., in review



NA C P   S I T E   S Y N T H E S I S



NA C P   S I T E   S Y N T H E S I S



von Randow et al., in review

L B A ‐DM I P



JPL  LAND  DATA

E V A P O T R A N S P I R A T I O N
• J O S H U A   F I S H E R

S N OW
• T OM   P A I N T E R

F L U O R E S C E N C E / G P P
• C H R I S T I A N   F R A N K E N B E R G
• J O S H U A   F I S H E R ,   J U N G ‐

E U N   L E E

C A NO P Y  H E I G H T
• MA R C   S I M A R D

• J O S H U A   F I S H E R

B I OMA S S
• S A S S A N   S A A T C H I

P R E C I P I T A T I O N
• G R A EM E   S T E P H E N S
• A L I   B E H R A N G I ,   Z I A D  

H A D D A D ,  MA T T   L E B S O C K ,  
J O E   T U R K

S O I L  MO I S T U R E
• E N I  N J O K U
• SM A P   T E AM   ( C H A N ,  

C O L L I A N D E R ,  D A S ,  
F I S H E R ,   K I M ,  MCDON A L D ,  
P O D E S T )

G R O UN DWA T E R
T O T A L  WA T E R   S T O R A G E

• F E L I X   L A N D E R E R
• T OM   F A R R

• C A RM E N   B O E N I N G

C L A S S I F I C A T I O N :
W E T L A N D S   |   I N U N D A T I O N

F R E E Z E / T H AW
• E R I K A   P O D E S T

• K Y L E  MCDON A L D

L A N D   S U R F A C E   T EM P E R A T U R E
&   EM I S S I V I T Y
• S I MON   HOO K
• G L Y N N   HU L L E Y



Field Ecosystem (eddy flux) Remote Sensing
LEAF (→CANOPY)
Stomatal conductance LiCOR Invert PM MODIS***
Photosynthesis | GPP LiCOR NEE‐Re Fluorescence
Transpiration LiCOR, Sap flow ET‐subcanopy ET MODIS*

CANOPY
Scaling LAI‐2000 LiDAR
Phenology Video camera NEE VIS/NIR
Litterfall Litterfall traps ‐ VIS/NIR; LiDAR
Interception Interception traps ET post‐rain MODIS*
Aerodynamics Wind measurements ‐ ‐
Radiation diffusion LiCOR ‐ LAI***, fAPAR**
Canopy temperature IR ‐ LST

PLANT
Plant Functional Type (PFT) Census ‐ MODIS**
Autotrophic Respiration (Ra) Stem respiration NEE‐GPP‐Rh
Net Primary Production (NPP) C balance NEE‐Rh MODIS***
C allocation C balance ‐ ICESat**
N allocation N balance ‐ Hyperspectral**
Stemflow Stemflow traps ‐ ‐

ECOSYSTEM
Soil layers/pools Pits ‐ ‐
N uptake Isotopes, tracers ‐ ‐
Decomposition Litterbags ‐ ‐
Heterotrophic Respiration (Rh) Soil respiration NEE‐NPP ‐
Ecosystem Respiration (Re) ‐ Nighttime NEE relationship Upscaled EC***
Net Ecosystem Exchange (NEE) C balance NEE Column CO2 flux inversion*
Snowmelt Snow monitor ‐ MODIS**
Infiltration/percolation Soil moisture ‐ ‐
Soil evaporation Chamber, lysimeter Sub‐canopy ET MODIS* | SMOS*→SMAP*
Evapotranspiration ‐ ET MODIS*
Runoff River gauge ‐ SWOT*
River routing Topo ‐ DEM
Water balance ‐ ‐ GRACE
Competition Census ‐ ‐
Establishment Census ‐ LiDAR
Mortality Census ‐ LiDAR
Fire Census ‐ TIR
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