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Á Empirical vs. Process-based models in Forestry

ÁWhich processes are the most relevant?

Á How to simulate the selected processes

ÁSelect the most appropiate time-step to describe each process

ÁThe model OUTPUT: Scaling-up from leaves to forests

ÁThe model VALIDATION

ÁRUNNING the model: A taste of the results                             

Outline
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Empirical models Mechanistic models

Statistical Process based

Easy to feed 
Higher number of parameters and 

variables required

Based on empirical functions Based on field / lab experiments

Limited  applicability Widely applicable

Limited as exploratory tools Excelent exploratory tools 

No new scenarios can be exploredSimulation of new scenarios

Unnaplicable to changing conditionsChanging conditions can be explored

Empirical vs. Process-based models in Forestry
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Process-based modelsé

1st:

Which processes are the most relevant?



leaf energy balance

leaf temperature

calculate Vc, J and other 
temperature - dependent 

parametersassimilation rate

stomatal conductance

transpirat ion rate

Q

Q-(R+C+ E)<l e

NO
YES

soil  water content

f( )q

C =f(C , g , E, A)i a s

B

U

Most process-based models starts at the

very basic physiological leaf level: 

how to describe and to combine de different 

processes is crucial



Qi

Q + L = ·Q + R + C  + Ea l vii

soil water content

t
hºC

A = min(A ,A    ) - Rdj carb tn

Farquhar model (1988) SUN leaves

SHADE  leaves

WUE

Solar position:

Other external variables:

Latitude
Day of the year
Time of the day
Cloudiness

Air temperature
Air velocity
Vapor Pressure Deficit

L  =      ·    ·Tea a
4s

a·Qi R =      ·    ·Teh h
4s

From Gracia et al. 1998

C  =   k ·     ·(t  -t  )hv aa
V
D

Penman-Monteith equation, 
coupled to the atmosphere (Jarvis, 1989) 

l·E

D
V·kg 2BL =

Ball, Berry and Leuning, 1995 
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Describing the Leaf Energy Balance vs. Gas Exchange



Runoff = k·H·P·(R - I)

The runoff is calculated as a 
function of the Hydraulic 
gradient (H), the porosity
of the soil (P) and the 
effective rainfall , the 
difference of rainfall minus 
the intercepted water by the 
canopy (R -I).

T h ro u g h f a ll

Tr a n s p i r a t io n

P re c ip i ta ti o n
In te r c e p t io n

S te m flo w

S O IL W A T E R  S T O R A G E

D ra in ag e

R u n o f f

Interactions between   

species and the 

environment (soil & 

atmosphere) must be 

properly described



Drainage:

Water drained follows a

negative exponential

function of rate k.

k represents the

fraction of drainable

water (Wc-FC) which is

exported every day.

The value of k depends

on the soil physical

properties and the

SOM contents.
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Process-based modelsé

The   proper   description  of 

some variables  may require 

hard experimental worké
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For example the fine roots and, in 

general,  the belowground biomass of 

the forest is a big unknowné.

...the hidden half of the forest!



...produced unexpected results

Biomass

(g OM m - 2 )

Leaves 544

Stem 11000

Coarse roots 12000

Fine roots 79

Production

(g m - 2 y - 1 )

228

478

522

260
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the fine roots are a very active vehicle to inject C into the soilé



0

20

40

60

80

100

0
10

20
30

40
50

0.0

0.2
0.4

0.6
0.8

Organic horizons

Mineral horizons

AB

LF

effluxLFQ

Precipitat ion in  the last 30 days

p

1

0

W

efflux

tª

W

Soil moisture

1

0
S
1

S2

Y

Dead Roots

litterfall [ ] 10

10

0

··1
r

rt

tt
k

Qe
LF

LF -
-

-= Wd

[ ] 10

10

0

··1
r

rt

tt
k

Qe
AB

AB -
-

-= Yd

B

U
Describing the heterotrophic respirationé.
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Process-based modelsé

2nd:

How to simulate the selected 

processesé
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based on the knowledge of the processé
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éthe right values of the variables are used to 

feed the model
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U Consistency among the different processes 

must be checkedé 
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Scaling-up from the chloroplast 

to the ecosystem level is, very 

often, a critical step in the model 

development: 

some relationships are poorly 

understood
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éas it is the case for the stomatal conductance


