FOREST MODELS – Check your knowledge
The students must use the questions below to check if they have already achieved required level of knowledge
1. Growth and yield models –structure and typology
1.1 Explain the importance of forest growth models for forest management

1.2 What are the components (or modules) of a management oriented growth and yield model? Give a brief explanation of the role of each module. Note that the modules are not equations.
1.3 Explain, in a forest model, the different types of state variables: external variables, principal variables and derived variables. Give examples of each one of the variables types.
1.4 Describe the differences between stand models, stand models with diameter distribution simulation and individual tree models, specifying the most important functions (growth functions and/or prediction equations) in each of the above referred models.
1.5 Explain the differences, from a conceptual/structure point, between empirical and process based models. Between these two model types there are the so-called hybrid models. Explain the advantages and limitations of this the type of models.
1.6 Forest growth models inputs: express the difference between forest management approaches (FMA), prescriptions and scenarios.
1.7 Establish the difference between forest growth models and forest simulators. These last can be developed/applied at different spatial level, from an individual stand, a management unit or even a whole region or country. Try to explain the objectives of application of forest simulators at each one of these spatial levels.
2. Data to develop forest growth models
2.1 Explain the difference between permanent plots, interval plots and temporary plots.
2.2 Why a good data set for forest growth models development includes permanent plots and designed silvicultural trials? 

2.3 Explain the concept behind stem analysis. Can this methodology be applied to any tree species? And what about climatic regions?

2.4 Stand table projection

During the forest inventory of a forest stand located in the Centre Inland of Portugal, the following values for the diameter distribution and for the average diameter annual growth were obtained:

	Diameter

class
	Number of trees       ha-1
	Annual average increment in dbh (cm)

	5
	380
	0.34

	10
	300
	0.40

	15
	340
	0.62

	20
	190
	0.71

	25
	390
	0.72

	30
	210
	0.97

	35
	80
	1.09


Using the data obtained in the forest inventory and the height-diameter and volume equations below estimate the volume growth for a 5 years period (assume ingrowth equal to 120 trees ha-1).

	Height diameter curve
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	Volume equation
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	h: tree height (m); d: tree diameter at 1.30 m (cm); v: volume (m3)


2.5 Total stem analysis
a) Explain how the height growth can be obtained using stem analysis. And what about the dominant heigt growth?

b) Is stem analysis an appropriate method to study stand basal area growth? Justify, comparing it with its appropriateness to study dominant height growth.

c) Consider the data in the table below, obtained from stem analysis of a 13 years old maritime pine tree located in the Álcacer do Sal region. Calculate the evolution of tree height (do not forget to apply the Carmean’s correction).

	h disk
	0.10
	1.3
	3.5
	5.7
	7.9
	10.1
	12.3
	13.9

	n. rings
	12
	10
	9
	7
	5
	4
	2
	0


d) Justify the need to apply the Carmean’s correction.

3. Some topics related to tree and stand growth
3.1 Consider a cork oak stand (even-aged stand) in which a forest inventory took place at 32 years of age and whose evolution was simulated using the SUBER model. Figure 1 shows the results of the simulation of the stand variables. Variables V and V75 represent the stem volume and the stem volume plus the volume of the 1st order branches to a top diameter of 7.5 cm (both in m3 ha-1).

e) Define net growth of the standing stand and net growth and calculate both for the periods 2026-2035, 2035-2044 and 2044-2053.
f) What data would you need in order to compute the gross growth for the same periods?
g) Does it make sense to talk about apparent growth for this stand?

h) Calculate the total volume of the stand (use the stem volume) over time, considering that before the age of 33 years no pre-commercial thinning took place, but that the volume loss due to mortality was estimated as 5 m3 ha-1.
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2026 33 9.88 295 9.01 7.38 17.85 15.53 67.37

2027 34 10.12 295 10.18 7.85 18.40 16.56 72.47

2028 35 10.35 295 11.07 8.33 18.96 17.62 78.19

2029 36 10.57 295 12.27 8.82 19.51 18.70 84.18

2030 37 10.79 295 13.46 9.32 20.06 19.82 90.41

2031 38 11.00 295 14.63 9.84 20.61 20.97 96.90

2032 39 11.21 295 15.80 10.37 21.16 22.15 103.62

2033 40 11.40 295 16.98 10.91 21.70 23.35 110.54

2034 41 11.60 295 18.16 11.46 22.24 24.59 117.67

2035 42 11.78 295 19.34 12.03 22.78 25.85 125.01

2035 42 após desc 11.78 295 12.24 12.03 22.78 25.85 125.01

2035 42 após desb 11.78 250 10.54 10.40 23.02 22.50 108.65

2036 43 11.96 250 12.00 10.85 23.51 23.52 114.54

2037 44 12.14 250 12.94 11.31 24.00 24.55 121.07

2038 45 12.31 250 14.38 11.77 24.48 25.61 127.24

2039 46 12.48 250 15.76 12.24 24.97 26.68 133.54

2040 47 12.64 250 17.11 12.72 25.45 27.77 139.96

2041 48 12.79 250 18.42 13.20 25.93 28.87 146.49

2042 49 12.95 250 19.71 13.69 26.41 30.00 153.15

2043 50 13.09 250 21.00 14.19 26.89 31.14 159.91

2044 51 13.24 250 22.27 14.70 27.36 32.30 166.79

2044 51 após desc 13.24 250 14.70 14.70 27.36 32.30 166.79

2044 51 após desb 13.24 190 11.32 11.32 27.54 24.85 129.09

2045 52 13.38 190 12.64 11.71 28.02 25.76 134.46

2046 53 13.51 190 13.48 12.11 28.49 26.68 141.01

2047 54 13.64 190 14.77 12.52 28.96 27.61 146.58

2048 55 13.77 190 15.99 12.93 29.43 28.56 152.23

2049 56 13.90 190 17.17 13.34 29.90 29.52 157.96

2050 57 14.02 190 18.32 13.76 30.37 30.49 163.76

2051 58 14.14 190 19.45 14.19 30.83 31.47 169.63

2052 59 14.25 190 20.55 14.62 31.30 32.47 175.57

2053 60 14.36 190 21.64 15.05 31.76 33.48 181.59

2053 60 após desc 14.36 190 15.05 15.05 31.76 33.48 181.59

2053 60 após desb 14.36 145 12.20 12.20 32.73 27.45 148.27

2054 61 14.47 145 13.38 12.56 33.21 28.29 153.27


Figure 1. Results from the forest inventory that took place in a cork oak stand at 32 years of age and the corresponding simulations obtained with the SUBER model.
3.2 What is an allometric relationship? Explain its importance for the forest growth models.

4. Growth functions
4.1 What is a growth function and why is this type of functions appropriate to simulate tree and stand growth?

4.2 Explain how is it possible to fit the same growth function to the growth in dominant height and volume? What will be different among the two fitted curves?
4.3 Simultaneous modelling of a set of functions

a) Consider a growth function with 3 parameters. If you allow that one of the parameters take 6 different values and plot the respective values over time, you obtain a graph with a family of 6 curves. These curves correspond to one of the methods that can be used to simultaneously model a set of plots. Identify the method and justify your answer.
b) Do you know another method that can be used for the simultaneous modelling of a set of plots?
4.4 Consider the following equation that is part of the GLOBULUS model:
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i) Is it a growth function or a prediction equation? Justify your answer.
j) In your opinion does this function correspond to a family of curves? Justify and, in case your answer is affirmative, say in which of the two methods referred in 2.1 and 2.2 is based this function.

5. Site productivity and site index modelling
5.1 What methods can be used to develop site index curves? Briefly describe each one of the methods discussing their strengths and weaknesses.

5.2 Consider the site index curves:
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k) What is the site index (S) of a 5 years old stand with a dominant height equal to 10 m (use a base age of 10 years)?

l) Which of the methods to model families of growth curves has been used to develop the site index curves presented in the previous question?

m) Using the function above, are you able to find a general expression for any S value?

6. Whole stand models
6.1 Whole stand models and stand models with diameter distribution simulation

a) Explain the main difference between whole stand models and stand models with diameter distribution simulation.

b) Consider the following functions used in the GLOBULUS 2.1 model for basal area initialization and projection in the Centre Coastal region:
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The yield table below was built for a site index of 21 and a number of trees at planting equal to 1250. Complete the table using the basal area functions of the GLOBULUS 2.1 model.

[image: image9.emf]Yield table:

age hdom N G Vtot Vi mai cai

3 9.09 1216 12.08 7.96 2.65

4 11.63 1204 24.95 20.70 5.18 12.75

5 13.77 1193 40.54 36.35 7.27 15.64

6 15.60 1182 57.70 53.58 8.93 17.23

7 17.20 1171 75.66 71.61 10.23 18.03

8 18.61 1161 93.91 89.92 11.24 18.31

9 19.87 1150 112.13 108.20 12.02 18.28

10 21.00 1139 130.12 126.24 12.62 18.04

11 22.03 1129 147.75 143.92 13.08 17.68

12 22.97 1118 164.94 161.15 13.43 17.24

13 23.83 1108 181.64 177.91 13.69 16.76

14 24.63 1098 197.85 194.16 13.87 16.25

15 25.37 1087 213.55 209.91 13.99 15.74

16 26.06 1077 228.75 225.14 14.07 15.24

17 26.71 1067 243.45 239.88 14.11 14.74

18 27.32 1058 257.66 254.14 14.12 14.26

19 27.89 1048 271.41 267.93 14.10 13.79

20 28.42 1038 284.71 281.27 14.06 13.34


c) Which one of the functions 1) and 2) is the initialization and the projection function? Justify.

d) Taking the yield table into account, at which age would you harvest the stand in order to maximize the volume harvested per year?

7. Whole stand models with diameter distribution simulation
7.1 Explain how the stand volume and biomass are estimated in this type of model.
7.2 Explain the method used in this type of models to simulate a thinning, knowing the following equations to predict the variables after thinning:

Prediction of the residual number of trees per ha
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Prediction of the residual minimum diameter
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Prediction of the 93 percentile after thinning
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7.3 Consider a stand with 32 years of age, 708 trees per hectare and dominant height of 10.5 m originated the following estimates for a, b and c: 3.4, 17.5 and 3.6.
n) Simulate the corresponding diameter distribution using the Weibull probability density function with the following distribution function:
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o) Using the height-dbh curve and the biomass equation below, estimate the biomass per hectare of the plot.
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p) Supose that you want to simulate a thinning to a residual basal area of 32 m2 ha-1. Using the PBRAVO equation below, estimate the residual number of trees per ha and explain how is the thinned volume simulated in the PBRAVO model.
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8. Individual tree models
8.1 What is a competition index? Establish the distinction between distance-dependent and distance-independent competition indices, justifying its importance for the individual tree models.
8.2 In an individual tree model, stand volume is a principal or derived variable? Justify.

8.3 Give a brief explanation about the area potentially available competition index, focusing: 1) methods for the selection of competitors; 2) the computation of the index; 3) how can asymmetric competition be taken into account.

8.4 What are the methods that can be used to simulate individual tree dbh growth? Give a brief explanation of each one of the methods that you presented.

8.5 Explain the method used to simulate a thinning in an individual tree growth model.

9. Process based and hybrid models
9.1 Can you give a brief explanation of the 3PG module of biomass production? In your explanation you must focus: 1) the conversion of solar radiation into biomass; 2) the light use efficiency and how it is affected by the environment and other factors; 3) how is the NPP obtained from the GPP.
9.2 Explain how is site quality taken into account by the 3PG model.

9.3 The 3PG model makes use of a series of modifiers. Explain the modifier concept and establish the relationship of modifiers with the answer given to the previous question.
9.4 Biomass allocation – what is it and what is its importance for the 3PG model.

9.5 In the 3PG model, what is the relationship between the biomass allocation and the water and nutrient restrictions?
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