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FOREWORD


This Notebook includes a series of exercises to familiarize students with the use of Forest Simulators. It is mainly focused on the Simulator of the Portuguese Forests platform (sIMfLOR), but it also includes some exercises with other simulators.
Some exercises use input files that can be downloaded from the sIMflor platform or from the section “Data files” in the Forest Models webpage (Fénix):
https://fenix.isa.ulisboa.pt/courses/mrf-1-283463546570857/pagina-inicial) 
.







                                                                                                     Lisbon, September 2023
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[bookmark: _Toc145494979]The FCTOOLS website and the sIMfLOR platform
1.1. Write FCTOOLS in your web browser or, alternatively, use the link http://www.isa.ulisboa.pt/cef/forchange/fctools/. Make your registration in the FCTOOLS website that will give you access to the forest models and simulators developed within the ForChange – Forest Ecosystem Management under Global Change – research group of the Forest Research Centre (CEF)
1.2. Explore the FCTOOLS site to get acquainted with the forest models and simulators that are available in the site
1.3. Try to use the webGLOBULUS simulator (no need to download, it is available on the web)
1.4. Download the SUBER and standsSIM simulators. Later on during the course you will become familiar with them, you can now try to use them but it requires some work (there are manuals available on the HELP e on the study material)
[bookmark: _Toc145494980]The standsSIM.md simulator – generating FMAs
Using the Generator of Forest Management Approaches (FMAs) available in sIMfLOR build FMAs for the different tree species.
[bookmark: _Toc145494981]Eucalypt
Eucalyptus globulus plantation managed for pulp production considering 3 consecutive rotations and describing the operations for a maximum age of 10 years:
	Ages
	Operation
	Details

	Plantation:
	
	

	1
	Harrowing and ripping (1 tooth)
	 

	1
	Planting
	1250 trees per ha

	1
	Fertilizing at planting
	

	1
	Beating up/filling in
	10% of the plants

	2, 4, 6, 10
	Weed control
	Disk arrow

	2, 4
	Fertilization
	

	Coppice:

	3, 5
	Fertilization
	

	3
	Shoots selection
	1.6 shoots per stool



Eucalyptus globulus plantation managed for pulp production considering 3 consecutive rotations and describing the operations for a maximum age of 14 years:
	 Ages
	Operation
	Details

	Plantation:
	
	

	1
	Harrowing and ripping (1 tooth)
	 

	1
	Planting
	1100 trees per ha

	1
	Fertilizing at planting
	

	1
	Beating up/filling in
	15% of the plants

	2, 4
	Weed control
	Disk arrow

	2, 4, 6
	Fertilization
	

	Coppice:

	3, 5
	Fertilization
	

	3
	Shoots selection
	1.4 shoots per stool

	3, 5
	Weed control
	


Compared to exercises 3.1 and 3.2 would you have to change something in the FMA generation process if you wished to apply these FMAs for only 1 coppice? Justify.
Would you be able to use the FMAs described in exercises 3.1 and 3.2 (for maximum ages of 10 and 14, respectively) to simulate eucalyptus growth considering an harvest age of 12 years? Justify and describe any inconvenience you might see in that.
Would you be able to apply any of these FMAs if you only wished to simulate consecutive plantations (without benefiting from E. globulus resprouting ability)? Justify.
Describe how you would have to proceed if you were asked to generate an FMA similar to 3.1, but considering a stump destruction operation had to be performed before planting.
Suppose a forest owner decides to manage E. globulus for sawlog production. Propose an FMA considering a rotation cycle of 40 years.

[bookmark: _Toc145494982]Maritime pine
1. Build an FMA for a Pinus pinaster plantation for a maximum age of 50 years consisting of the following operations:
	Ages
	Operation
	Details

	1
	Harrowing, ripping (1 tooth)
	 

	1
	Planting and fertilizing at planting
	2500 trees per ha

	1
	Beating up/filling in
	15% of the plants

	3, 7, 11, 17, 27, 37, 47
	Weed control
	Disk arrow

	6, 15
	Prunning
	

	15, 20, 25, 30, 35, 40, 45
	Thinning from below
	Wilson factor of 0.25



Build an FMA for a Pinus pinaster plantation for a maximum age of 50 years consisting of the following operations:
	Age
	Operation
	Details

	1
	Harrowing, ripping (1 tooth)
	 

	1
	Planting and fertilizing at planting
	2500 trees per ha

	1
	Beating up/filling in
	15% of the plants

	3, 7, 11, 17, 27, 37, 47
	Weed control
	Disk arrow

	6, 15
	Prunning
	

	15, 20, 25, 30, 35, 40, 45
	Thinning from below 
	Residual basal area of 25 m2 ha-1



Consider a Pinus pinaster uneven-aged stand. Build an FMA that can be applicable for 80 years consisting of the following operations:
	Age
	Operation
	Details

	-
	Weed control every 5 years (assume the last las carried out 2 years ago)
	Disk arrow

	-
	Selective thinning every 5 years
	Residual basal area of 10 m2 ha-1





Build an FMA for a Pinus pinaster plantation for a maximum age of 80 years consisting of the following operations:
	Age
	Operation
	Details

	1
	Harrowing, ripping (1 tooth)
	 

	1
	Planting and fertilizing at planting
	2500 trees per ha

	1
	Beating up/filling in
	15% of the plants

	3, 7, 11, 17, 27, 37, 47, 57, 67, 77
	Weed control
	Disk arrow

	6, 15
	Prunning
	

	considering the occurrence of selfthinning



[bookmark: _Toc145494983]Cork oak
1. Build an FMA for a Cork oak plantation for a maximum age of 100 years and a debarking cycle of 10 years consisting of the following operations:
'time since last stripping’	          10
‘Stripping periodicity’	                      10
‘Striping coef - virgin cork'	            2.0
‘Striping coef - secondary cork '	2.2
‘Striping coef - reproduction cork’	2.5
'silviculture'	                                    1
'diameter_max'	                                  90

	Age
	Operation
	Details

	1
	Harrowing, ripping (1 tooth)
	

	1
	Planting and placing protectors
	Spacing (8x4)

	1
	Beating up/filling in
	20% of the plants

	5
	Formation pruning (manual)
	50% of the trees

	5
	Manual fertilization
	

	36
	Formation pruning (mixed)
	50% of the trees

	5, 15, 25
	Weed control
	Disc harrow

	46, 56, 66, 76, 86, 96
	Mature cork debarking every 10 yrs 
	

	36, 46, 56, 66, 76, 86, 96
	Virgin cork debarking every 10 yrs
	

	36
	Prunning
	

	36, 46, 56, 66, 76, 86, 96
	thinning
	Leaving a crown cover of 50%



Build an FMA for a Cork oak plantation for a maximum age of 100 years and a debarking cycle of 8 years consisting of the following operations:
'1»_extraccao'	8
'outras_extraccao'	8
'coef_descort_virgem'	2
'coef_descort_secundeira'	2.2
'coef_descort_amadia'	2.5
'silvicultura'	1
'diametro_max'	90

	Age
	Operation
	Details

	1
	Harrowing, ripping (1 tooth)
	

	1
	Planting and placing protectors
	Spacing (8x4)

	1
	Beating up/filling in
	20% of the plants

	5
	Formation pruning (manual)
	50% of the trees

	5
	Manual fertilization
	

	36
	Formation pruning (mixed)
	50% of the trees

	5, 15, 25
	Weed control
	Disc harrow

	44, 52, 60, 68, 76, 84, 92, 100
	Mature cork debarking every 10 yrs 
	

	36, 44, 52, 60, 68, 76, 84, 92, 100
	Virgin cork debarking every 10 yrs
	

	36
	Prunning
	

	36, 44, 52, 60, 68, 76, 84, 92, 100
	thinning
	Leaving a crown cover of 50%



[bookmark: _Toc145494984]The GLOBULUS model (implemented in webGlobulus)
1. Use the webGLOBULUS simulator to build yield tables for different site indices in two contrasting regions of Portugal (e.g. Minho and coastal Alentejo) and comment the results
1. Can the webGLOBULUS simulator be used to projet and existing stand?
[bookmark: _Toc145494985]The GLOBULUS model (implemented in standsSIM)
[bookmark: _Toc145494986]Simulating a new plantation
A forest owner owns some land and wants to know how much standing volume of eucalyptus he will obtain over the next 30 years if he made a plantation in his property. Build a yield table considering the following information: 
· Location: Coruche municipality
· Altitude: 14 m (if you don’t know the altitude you can use the webGLOBULUS stand simulator to obtain it)
· Site index: 15 m (base age 10 years)
· Plantation spacing: 4 x 2.5 (the interface requires the number of trees per hectare)
a) Define a suitable forest management approach (FMA) considering a prescription composed of 3 cycles with 10 years each (one plantation followed by two coppices). 
b) Suppose he reconsidered and wants you to repeat the simulation delaying the harvest age of the plantation to 12 years and anticipating the harvest age of the coppices to 9 years. Compare both simulations and discuss the results.
[bookmark: _Toc145494987]Comparing alternative prescriptions
For a planning horizon of 60 years compare the following prescriptions: 
a) 6 cycles, the plantation is harvested at age 10, followed by 5 coppices always harvested at age 10
b) 6 cycles, all harvested at age 10 years, but considering a replantation in the 4th cycle. Please note that soil preparation when replanting is different which implies the definition of 2 different FMAs. 
[bookmark: _Toc145494988]Simulating an existing stand
Suppose that another landowner wants you to simulate his existing stand:
· Location: Coruche municipality
· Age: 7 years 
· Dominant height: 12 m
· Stand density: 980 trees ha-1
· Altitude: 14 m (if you don’t know the altitude you can use the webGLOBULUS stand simulator to obtain it)
Define a suitable FMA and consider the same prescription as before: 3 cycles with 10 years each (one plantation followed by two coppices). You will likely get the message: “terminated before the planning horizon – check prescriptions” because the 3 cycles only cover 23 years (3 years for the plantation and 10+10 for coppice). Therefore, in order to run the simulation, you will have to define another cycle or change the planning horizon. Having more than the required number of cycles represents no problem for standsSIM. 
[bookmark: _Toc145494989]Build yield tables for a range of site indices
For the same county (Coruche) build a set of yield tables for site indices ranging from 15 to 25 m (base age 10 years), considering 3 cycles of 10 years. Select a forest management approach for all of them.
[bookmark: _Toc145494990]The PBRAVO model (implemented in its own simulator)
[bookmark: _Toc145494991]Solving a simulation in EXCEL
Using the equations that make up the model that are listed in the word file PBRAVO, program the model in EXCEL, with the exception of the estimation of the parameter c from the Weibull distribution. Using the observed data from stand nº 32 in the National Forest of Leiria (Figure 1) try to reproduce the results obtained with the PBRAVO stand simulator. Use, in each year, the estimates of the c parameter given by the PBRAVO.
[image: ]
Figure 1. Data from the continuous forest inventory of the National Forest of Leiria – stand nº 2

[bookmark: _Toc145494992]Comparing two management alternatives
[bookmark: _GoBack]Consider the stand nº 2 of the Mata Nacional de Leiria in the year 1970 and use the PBRAVO-FPFP simulator to simulate its growth and yield till the age of 82 years with the following management alternatives:
· Apply the first thinning at the age of 22 years and every 10 years after that until the age of 82 years. The residual basal area (after thinning) must be around 22 m2 ha-1
· Apply the first thinning at the age of 22 years and every time the basal area gets a value higher than 18 and try to maintain it close to 18 m2 ha-1. The last thinning should occur at the age of 62 years and final harvesting at 82 years
· Compare the two management alternatives above using the net present value. The prices are 40 Є for round wood, 15 Є for pulp and 5 Є for firewood. You don’t need to use costs for the comparison as they will be the same in both alternatives. Use a discount rate of 0.04.
· Suppose that you want to define a management alternative with the first thinning at the age of 20 years. Is it possible with this simulator?
[bookmark: _Toc145494993]Simulating a new plantation
Suppose that a landowner is planning to plant a pine stand using 2500 plants per ha. In order to get support from the National Agriculture Services he needs to present a project including the proposed management and an estimate of the revenues. He estimates that the productivity of his site is representative of the average in the country. Use the PBRAVO model to support this landowner by comparing two alternatives for the thinnings (assume that other silvicultural operations are the ones presented in table 1)
· Apply the first thinning at the age of 20 years and every 10 years after that until the age of 80 years. The residual basal area (after thinning) must be around 22 m2 ha-1
· Apply the first thinning at the age of 20 years and every time the basal area gets a value higher than 18 and try to maintain it close to 18 m2 ha-1. The last thinning should occur at the age of 50 years and final harvesting at 60 years
[bookmark: _Toc145494994]Analysis of weak points and proposal of improvements
Are you able to propose some improvements to this simulator? And to the model?
[bookmark: _Toc145494995][bookmark: _Hlk145494810]The PINASTER model (implemented in standsSIM)
[bookmark: _Toc145494996]Simulating a new plantation
Consider a planning horizon of 50 years and build a yield table for maritime pine using the following information: 
· Location: São Pedro de Moel municipality
· Altitude: 31 m (if you don’t know the altitude you can use the webGLOBULUS stand simulator to obtain it)
· Site index: 18 m (50 years)
· Plantation spacing: 2 x 2 (the interface requires the number of trees per hectare)
a) [bookmark: _Hlk54718895]Define a suitable forest management approach (FMA) considering thinning from bellow to take place every 10 years based on a Wilson factor of 0.25 and final harvest at 50 years. Alternatively, import the FMA file FMA41_Pb_025_REGular.csv.
b) Repeat the previous exercise considering a residual basal area basal of 25 m2 ha-1. You can obtain the FMA file by editing the file file FMA41_Pb_025_REGular.csvI
[bookmark: _Toc145494997]Simulating a new stand without thinning (self-thinning)
And now repeat the simulations delaying the final harvest age up to 80 years and not carrying out any thinning (the stand will reach self-thinning). You can impor the FMA file FMA41_Pb_SelfThin_REGular.csv
[bookmark: _Toc145494998]Simulating an existing even-aged stand
Simulate the growth of the following existing stand:
· Location: São Pedro de Moel municipality
· Stand structure: even-aged
· Age: 15 years 
· Dominant height: 12 m 
· Number of trees in the plot: 49 trees
· Plot area: 500 m2
· Altitude: 31 m (if you don’t know the altitude you can use the webGLOBULUS stand simulator to obtain it)
· Tree data file: “Pb_inv_t15_arv.csv”
Define a suitable FMA considering a presciption composed of 4 cycles of 50 years each. Consider a planning horizon of 80 years. You can use the FMA from file FMA41_Pb_025_REGular.csv.
[bookmark: _Toc145494999]Simulating an existing uneven-aged stand – transition to even-aged
Simulate the growth of the following existing uneven-aged maritime pine stand:
· Location: Alcácer do Sal municipality
· Stand structure: uneven-aged
· Age: NA 
· Dominant height: 12 m
· Number of trees in the plot: 23 trees
· Plot area: 500 m2
· Altitude: 100 m (if you don’t know the altitude you can use the webGLOBULUS stand simulator to obtain it)
· Tree data file: Pb_inv_irreg_arv.csv
Build a prescription with 2 cycles as described below:
· cycle 1: uneven-aged management for 35 years with final harvest in the end of the cycle;
· cycle 2: planting (even-aged management) and final harvest at 35 years.
A planning horizon of 70 years is required. Please not that 2 different FMAs need to be considered (suggestion: use “FMA31_Pb_Gres_Irreg.csv for the uneven-aged cycle and “FMA41_Pb_025_REGular.csv” for the plantation). 
[bookmark: _Toc145495000]Simulating an existing even-aged stand – transition to uneven-aged over 100 years. Simulate the growth of the following maritime pine even-aged stand:
· Location: São Pedro de Moel municipality
· Stand structure: even-aged
· Age: 15 years 
· Number of trees in the plot: 49 trees
· Plot area: 500 m2
· Altitude: 31 m (if you don’t know the altitude you can use the webGLOBULUS stand simulator to obtain it)
· Tree data file: Pb_inv_t15_arv.csv / inv_Pb_Existing_arv_n49_t15.csv

Build a prescription with 2 cycles as described below:
· cycle 1: even-aged management for 40 years with final harvest in the end of the cycle;
· cycle 2: uneven-aged management for 60 years.
Please note that 2 different FMAs need to be considered (suggestion: use the FMA FMA41_Pb_029_REG-IRREG_t65.csv for the even-aged cycle and for the uneven-aged cycle use FMA31_Pb_Gres_reg_irreg_G1815.csv).
[bookmark: _Toc145495001]Building a series of yield tables for a range of site indices
For the county of S. Pedro de Moel, build a set of yield tables for site indices ranging from 15 to 25 m (base age 50 years), considering final harvest at 80 years. Consider the same FMA for all site indices.
[bookmark: _Toc145495002]The PINEA.pt model (implemented in standsSIM)
[bookmark: _Toc145495003]Simulating an existing even-aged stand
Suppose that you were given the task of simulating the growth of the following existing stand: 
· Location: Alcácer do Sal municipality
· Stand structure: even-aged
· Age: 10 years
· Number of trees in the plot: 136 trees
· Plot area: 5000 m2
· Altitude: 100 m (if you don’t know the altitude you can use the webGLOBULUS stand simulator to obtain it)
· Tree data file: “inv_Pm_reg_arv.csv”
Define a FMAs/prescriptions considering even-aged management corresponding to a thinning regime that maintains the basal area around 12 m2 ha-1 yr-1. Simulate for a planning horizon of 100 years.
[bookmark: _Toc145495004]Comparing two alternative management approaches
Simulate for a planning horizon of 100 years the following existing stone pine stand: 
· Location: Évora municipality
· Stand structure: even-aged
· Age: 18 years
· Number of trees in the plot: 34 trees
· Plot area: 2000 m2
· Altitude: 275 m (if you don’t know the altitude you can use the webGLOBULUS stand simulator to obtain it)
· Tree data file: “inv_Pm_arv_n34.csv”
Define 2 FMAs/prescriptions considering even-aged management considering 2 different regimes corresponding to two different stockings (thinning intensities) and compare the results (suggestion:  FMA41_Pm_15_REGular.csv and FMA41_Pm_25_REGular.csv). 
[bookmark: _Toc145495005]The SUBER model (available in sIMfLOR)
[bookmark: _Toc145495006]Simulating a new plantation
Suppose that you work in a Forest Owners Association and that you are addressed by a landowner to help him to prepare a forest management plan (PGF) for the cork oak stands in his property located in Chamusca. There is no information regarding the soil type. To support his decisions you must run the SUBER model to build an yield table for the new stands, by using the available tools from sIMfLOR platform. Consider a planning horizon of 100 years and build an yield table using the following forest management alternative (FMA):

	Silvicultural operations
	Year
	Details

	Soil preparation: Mechanical operation for ripping (1st line)
	1
	-

	Plantation (plants in container)
	1
	666 trees/ha

	Weed control for young stands (Manual operation)
	5
	

	Weed control with harrowing (Mechanical operation)
	18
	

	Thinning using the crown cover as parameter
	When debarking
	50%

	1st Debarking (Manual operation – virgin cork)
	18
	

	Debarking rotation (Manual operation – virgin and mature cork)
	
	9 years



	Silvicultural details
	

	The debarking coefficients: 
1st extraction, 2nd extraction and mature extraction
	2; 2.5; 3



[bookmark: _Toc145495007]Simulating an existing even-aged stand
[bookmark: _Hlk55242376]Use now the SUBER model to predict the evolution of an existing stand in the same property located in the Chamusca region. The stands are mainly cork oak characterized as pure and even-aged stands, but age is unknown. There is no information regarding the soil type. The last forest inventory took place in 2002 and used 30 circular plots with an area of 2827,43 m2. In each plot the following variables were measured in every tree: d, ct, h, hs, hdv, nbru1, debarking year and debarking type (virgin, second cork or mature cork).
The tree data is provided, organized as required by the SUBER simulator interface, in the EXCEL file inv_Sb_Chamusca_arv.xlsx
[bookmark: _Toc145495008]Comparing different ages to start the debarking in a new plantation
Consider a planning horizon of 100 years and build a yield table with the SUBER simulator using the following information:
· Location: Mora municipality
· Site index: average for the county
· FMA: use the Generator to build the forest management approach described in the table below (suggestion FMA_Sb_YieldTable_CC35_R9.csv)

	Year of 1st occurrence
	Periodic             (Y-yes; N-no)
	Periodicity
	Operation

	0
	
	
	Plantation (spacing 8x4)

	1
	Y
	4
	Manual weed control

	1
	N
	
	Beating-up (20% of the trees)

	4
	N
	
	Formation pruning (80% of the trees)

	5
	Y
	4
	Application of fertilizer (manual)

	8
	N
	
	Formation pruning (30% of the trees)

	10
	
	
	Thinning (% crown cover = 35)

	12
	N
	
	Formation pruning (10% of the trees)

	15
	N
	
	Thinning (% crown cover = 35)

	 td [19;40]
	Y
	9
	First debarking

	td
	N
	
	Formation pruning (10% of the trees)

	td
	Y
	9
	Thinning (% crown cover=35)

	
	
	
	


Start by running SUBER without selecting the debarking operation to find the age at which the dug is close to 17 cm and use it as one possible age to start cork debarking. 
Run the SUBER for several alternative FMAs that differ among them by the age of the first debarking (td) and compare the results.
[bookmark: _Toc145495009]Comparing different periodicities of debarking in an existing cork oak stand
Consider a planning horizon of 100 years and use the SUBER to simulate the growth of the following existing stand: 
· Location: Herdade da Bolota, Coruche municipality
· Age: 10 years
· Plot area: 2000 m2
· Tree data file: inv_Sb_HBolota_t10_arv.csv 
· FMA: use the Generator to build the forest management approach described in the table below (suggestion FMA_Sb_Existing_CC35_R9.csv)

	Year of 1st occurence
	Periodic             (Y-yes; N-no)
	Periodicity
	Operation

	5
	Y
	4
	Manual weed control and Application of fertilizer

	8
	N
	
	Formation pruning (30% of the trees)

	10
	
	
	Thinning (% crown cover = 35)

	12
	N
	
	Formation pruning (10% of the trees)

	15
	N
	
	Thinning (% crown cover = 35)

	 td [19;40]
	Y
	9
	First debarking

	td
	N
	
	Formation pruning (10% of the trees)

	td
	Y
	9
	Thinning (% crown cover=35)

	
	
	
	


Start by running SUBER without selecting the debarking operation to find the age at which the dug is close to 17 cm and use it as the age to start cork debarking. 
Run the SUBER for several alternative FMAs that differ among them by the periodicity of debarking and compare the results.
[bookmark: _Toc145495010]THE CAPSIS forest simulation platform and the MODISPINASTER model
[bookmark: _Toc145495011]Write CAPSIS platform in Google and find the CAPSIS website: https://capsis.cirad.fr/capsis/development. Make the download and explore it.
[bookmark: _Toc145495012]The MODISPINASTER model, developed for maritime pine in Portugal is implemented within the CAPSIS platform. 
Look for it within CAPSIS
Try to use it to make the simulations suggested in the standsSIM exercises for PINASTER.


[bookmark: _Toc145495013]ANNEXE 1 – Example of cork prices
If you do not have information about cork prices, you can use the values in the following table:

	caliber class
	Cork quality

	
	1
	2
	3
	4
	5
	6
	refugo

	<=14
	11.75
	0.7

	]14,18]
	
	

	]18,23]
	
	11.65
	6.5
	0.7

	]23,27]
	
	
	
	

	]27,41]
	88.25
	51.5
	
	

	>41
	
	
	
	

	Virgin cork, burnt cork and small pieces: 0.7



NOTE: When inserting the information for cork prices please be aware that you must use the same caliber and quality classes as in the SUBER window regarding the default distributions for the NUT II region – Centre.
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