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How do we build a forest growth model?

 Stages in model development:

– Selection of the model type (e.g. empirical, process-based, tree level, stand 
level, etc)

– Data collection / gathering (data pre-analysis: graphs, summary statistics)

– Designing the structure of the model (e.g. selecting the variables and defining 
their relationships)

– Evaluation of the model

– Implementation of the model in a computer program/integration of the model 
in a forest simulator
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These are the stages for developing a whole model (covering all important 
tree/stand variables)

In this class we’ll focus on the development of two equations: 

Basal area growth 
(to be integrated into the growth module of the model)

Basal area initialization 
(to be integrated into the initialization module of the model) 



Selection of the model type

 Empirical stand level basal area growth model



Data collection / gathering
 Maritime pine ForChange Database

– Thinning trials 

• São Salvador

• Leiria National Forest – Group A

• Leiria National Forest – Group B

• Pinhal da Cré

– Pre-analysis of the data set to detect some inconsistencies, missing values etc

• Graphs of variables: over time (e.g. (t, G)), as a function of one another (e.g. (d, h))

• Calculus of summary statistics: nr of observations, nr of non-null observations, min, mean and 

max values of the variables
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Data collection / gathering
 Maritime pine ForChange Database

– Thinning trials – data description

• São SaEnsaio Name of the thinning trial
Cod_Par Id of the plot in the thinning trial

Cod_Par_Med Id of the plot in the thinning trial containing the year of management
Area Plot area m2

Id_status Id of thinning occurrence (1 if not thinned; 2 if thinned)
Status Thinning status (AT if after thinned; BT if before thinned)

t Stand age (years)
hdom Dominant height (m)

N Number of trees per hectare (ha-1)
G Stand basal area (m2 ha-1)

dgdom Quadratic mean dbh of dominant trees (cm)
dg Quadratic mean dbh (cm)
V Stand volume (m3 ha-1)

Wi Stand biomass by tree component: w – wood; l – leaves; b-bark; br- branches; r – roots (ton ha-1)



Designing the structure of the model

 Expressing the parameters as a function of stand variables        
(these were calculated in the excel file Sheet: All before the file was imported 
to R-Studio)

– N (already in the original excel file)

– Fw – Wilson factor

– S – site index

– ImpT – thinning impact (GAT/GBT)

– tst – time since last thinning

– dummyT – after 5 years thinning                                                          
ceases to impact growth
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Choose the stand age closest to pine base age 
(50 years) to estimate S and assign the same S 
values for all ages (Vlookup excel function)

For the variables related to thinning, follow 
what I did in excel ( if excel function)



 For pairing the data                                                                 
(this was done after sorting by plot, and t in excel file Sheet: lag, follow the 

green rows that break for the blue headers and look at the G values (e.g.)

Data collection / gathering



 After pairing – eliminate bad pairs                                                                  
(an id to identify rows with the same age and different plots paired were

identified, follow the red values)

Data collection / gathering



 Final dataset                                                                             
(delete all rows with id=1 to get the good dataset excel file Sheet: delete_bad )

Data collection / gathering



Designing the structure of the model

 Lundqvist function

growth function                   initialization function

(Lundqvist – k)
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Designing the structure of the model

 Guarantee the consistency between growth and initialization 

equations

– Fisrt, fit the growth function (with the K parameter free)

– Then, after selecting the best growth model with                                 

A and m expressed by a set of stand variables

– Use the parameter values obtained for the growth model and fix them

– Finally, find the K parameter values (with K expressed as                     

a function of stand variables) for the initialization 



Designing the structure of the model

 Lundqvist function
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Designing the structure of the model

 Consistency between growth and initialization equations –

Globulus 3.0 model



Designing the structure of the model

 Expressing the parameters as a function of stand variables        
(these were calculated in the excel file Sheet: All before the file was imported 
to R-Studio)

– N (already in the original excel file)

– Fw – Wilson factor

– S – site index

– ImpT – thinning impact (GAT/GBT)

– tst – time since last thinning

– dummyT – after 5 years thinning                                                          
ceases to impact growth
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Choose the stand age closest to pine base age 
(50 years) to estimate S and assign the same S 
values for all ages (Vlookup excel function)

For the variables related to thinning, follow 
what I did in excel ( if excel function)



Evaluation of the model
 Testing its application,

 Checking whether the signs of the parameters make sense,

 etc



Using R-Studio

 Adapt the code of the previous class

 Copy/paste an existing R file (FittingFamiliesGrowthCurves.R)

 Rename the file (e.g. Pine_BasalAreaGrowth.R), open it and comment 
(#) or delete the blocks of code we won’t be using 

 First, fit the simplest model

.

<- nls(G2 ~ A*(G1/A)**(t1/t2)**m,
data=GrowthData,
start=list(A=100,m=1))



 res= G2 - Gest

– G2 – observed basal area in the 

excel file

– Gest – estimated basal area using 

the equation you tested 

(the closer to zero the better the 

the equation you tested is)

Using R-Studio



ideally the circles would overlap 

the red line, when these don’t it 

means the equation you tested 

requires a “correction” 

Weighted regression is required  

(Huber)

Using R-Studio



Using R-Studio

 Test expressing the parameters as a function of any combination of 
stand variables you find reasonable using the parameter values 
obtained in the previous fit as starting values for the parameters in the 
current fit

 Proceed testing different combinations of variables in A and m

Formula: G2 ~ A * (G1/A)^(t1/t2)^n

Parameters:

Estimate    Std. Error       t value       Pr(>|t|)    
A     89.10655 11.49615     7.751       6.94e-14 ***
m      0.88728 0.09138      9.710       < 2e-16 ***

<- nls( G2 ~ (a0+a1*S)*(G1/(a0+a1*S))**(t1/t2)**n, 

data=GrowthData,

start=list( a0=89.11, a1=1, m=0.89))



 This example, shows a smaller 

range of residuals (-6 , 6) 

opposed to the previous graph 

where the range was (-20 , 6)

This shows some improvement in the 

model

Using R-Studio



 However, the correction is 

still required

Using R-Studio



# Load the library into R workspace.

library("xlsx")

GrowthData<-read.xlsx("SAS_paired_Pb_Class.xlsx", header= TRUE, sheetIndex = 3)

# print(GrowthData)

head(GrowthData,n=20)

Summary(GrowthData)

#BasalArea2 <- nls(G2~A*(G1/A)**(t1/t2)**m,

#                  data=GrowthData,

#                  start=list(A=100,m=1))

# BasalArea2 <- nls(G2~(a0+a1*S)*(G1/(a0+a1*S))**(t1/t2)**m,

#                        data=GrowthData,

#                       start=list(a0=89.11,a1=0,m=0.88728))

BasalArea2 <- nls(G2~A*(G1/A)**((t1**(m0+m1*N1/1000))/(t2**(m0+m1*N2/1000))),

data=GrowthData,

start=list(A=89.11,m0=0.88728, m1=0.1))

#BasalArea2 <- nls(G2~A*(G1/A)**((t1**(n0+nf1*FW1))/(t2**(n0+nf1*FW2))),

#                  data=GrowthData,

#                  start=list(A=100,n0=0.1, nf1=0.1))

#BasalArea2 <- nls(G2~A*(G1/A)**((t1**(n0+nf1*FW1+n2*N1/1000))/(t2**(n0+nf1*FW2+n2*N2/1000))),

#                  data=GrowthData,

#                  start=list(A=100,n0=0.1, nf1=0.1, n2=0.1))

#BasalArea2 <- nls(G2~A*(G1/A)**((t1**(n0+nf1*FW1+n2*N1/1000+ns*S))/(t2**(n0+nf1*FW2+n2*N2/1000+ns*S))),

#                  data=GrowthData,

#                  start=list(A=100,n0=0.1, nf1=0.2, n2=0.01, ns=0.1))

#BasalArea2 <- nls(G2~A*(G1/A)**((t1**(n0+nf1*FW1+n2*N1/1000+ns*S+nt*dummyT*ImpT))/(t2**(n0+nf1*FW2+n2*N2/1000+ns*S+nt*dummyT*ImpT))),

#                  data=GrowthData,

#                  start=list(A=89, n0=0.1, nf1=0.2, n2=0.01, ns=0.1, nt=0.1))

#BasalArea2 <- nls(G2~90*(G1/90)**((t1**(n0+nf1*FW1+n2*N1/1000+ns*S+nt*dummyT*ImpT))/(t2**(n0+nf1*FW2+n2*N2/1000+ns*S+nt*dummyT*ImpT))),

#                  data=GrowthData,

#                  start=list(n0=0.1, nf=0.2, n2=0.01, ns=0.1, nt=0.1))

Using R-Studio (some examples of what I tested, but feel free to test 

different combinations)


