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Introduction 

This is a program developed to work with Microsoft Excel ® for simulating the growth and 

management of mixed-species hardwood forests located in Indiana, USA. The underlying growth 

model supporting this Excel program is described in Ma et al. (2016) and Wang et al. (2020).   

A forest stand is represented by the number of trees per hectare in each of 17 size classes 

in seven species groups. The seven species groups are: White oak (WO), Red oak (RO), Black 

walnut (BW), Black cherry (BC), Maple (MP), Soft wood (SW), Other Angiosperms (OA). The 

seventeen diameter classes are of 5-cm increments, except for the first class (2.54–7 cm) and the 

last (82 cm and above) class.  

This program allows users to predict stand development from a specific initial state for a 

given period. Both deterministic and stochastic simulations can be performed. The latter are based 

on forest fire impacts as described in Ma et al. (2016). Users can choose whether or not to include 

forest fire to generate simulations. Users can also specify various management regimes such as the 

cutting cycle (the interval between harvests) and cutting intensity (the percentage of growing stock to 

remove). The tabulated results show the volume of harvest, residual basal area, and the net present 

value (NPV).  

This manual documents the instructions on how to use the program to generate simulation 

results. It also illustrates how to read the results by providing two practical examples. This will 

also help the user learn how to enter the input data, choose the options, start the program, execute 

a simulation, and understand the output tables.  
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Requirements 
 

You need the following hardware and software to operate the simulator: 

 A personal computer 

 Microsoft Excel ® 2007 or above 

 A free copy of the simulator program downloadable from   

https://ag.purdue.edu/facai/data/ 

 

Initializing the Simulator 

After downloading the program onto your computer, you can open the program directly by clicking on 

the downloaded Excel file. Navigate to the “Input” Worksheet (Fig.1). This worksheet contains all the 

input cells, where you can enter the required stand information and choose the various input options 

provided in different sections of the worksheet  

 

Figure 1. Display of input worksheet showing initial stand input cells 

https://ag.purdue.edu/facai/data/
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. In Figure 1, all the rows colored in light green which are labeled “Initial state” require 

information of  the initial number of trees per hectare in the stand at the beginning of the simulation, by 

seven species groups and 17 diameter classes as defined in Ma et al. (2016). The rows labeled “Target 

state” are for future extension of the program thus not requiring any inputs at this moment.  

 After entering the initial stand condition, there are other cells requiring inputs within the same 

“Input” worksheet by the user, shown in Figure 2.  The explanation of each input variable is as follow: 

 

Figure 2. Display of input variables within input worksheet 

 

(1) Number of repetitions: The program is capable of performing multiple repetitions of a simulation. 

The purpose of the repetitions is to capture variations due to random elements in the stochastic 

simulation. If only simulating the deterministic result, this number needs to be left at its default value, 

“1” ,as all the repetitions yield the same result. When the option of “Forest fire” is chosen, the user 

needs to determine the number of simulations to generate. The results of all simulations can be found 

in the worksheet named “Rep”, to be explained later in this document. It is important to note that 
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stochastic simulations only predict forest growth without management; management options are not 

allowed in this case.  

(2) Start year of simulation, End year of simulation, Length of simulation: All simulations start from 

“ Start year of simulation” and end in the “End year of simulation”, as specified by the user. The 

“Length of simulation” will then be automatically calculated. The end year should be greater than 

the start year to avoid errors. 

(3) Climate scenario: This program accommodates four time-dependent Representative Concentration 

Pathway (RCP) scenarios: RCP2.6, RCP4.5, RCP6.0 and RCP8.5. There is also an option to choose 

a constant climate represented by the average growing-season temperature (T) and precipitation (P), 

located to the right of the climate scenario option. The user thus can generate results specific to one 

of the five climate scenarios.  

(4) Slope and Site index: These values can also be specified by the user. The default values are the mean 

values of the sample plots in Indiana.  

(5) Management: This section has three input options.  

a. Specify frequency:  The user specifies a thinning frequency from the drop-down list: (1) no-

harvest, (2) 10 years, and (3) 20 years.  

b. Specify intensity: The user chooses a harvesting intensity, i.e., the proportion of trees in a 

stand that needs to be removed. The list of options contains low, medium and high. Low 

corresponds to removing only 20% of trees across all species and sizes, medium to 50%, and 

high to 80%. 

c. Specify start year of harvest:  This option lets the user choose a year from when they want 

to implement harvesting regime. It can be any year between the starting and ending years of 

the simulation.  
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d. Interest rate: The interest rate is assumed constant over time, with a default value of 3% per 

year. The user can specify a different rate when calculating the NPV.    

(6) TSI: This section allows the user to implement timber stand improvement (TSI) practices. The three 

input cells, Frequency and Start year, Interest rate are similar to that in the Management section, 

except that here there is one extra option of five-year cycle to give a more frequent thinning option. 

The key difference is in the following three rows of inputs, specifying intensity by species groups 

and commercial sizes. Note that three commercial sizes are defined as: pulpwood (25cm to 33cm), 

small-sawtimber (33 to 40), and large-sawtimber (40cm and above). The user can specify an intensity 

of thinning for each of the 21 combinations, by entering a number between 0 and 1, 0 being not 

removing anything and 1 being harvest all. 

(7) FIRE: This is the option to decide whether to include forest fire as a random event in the simulation. 

If the user chooses “yes”, then the growth model becomes stochastic and if “no” is chosen, it remains 

as a deterministic model. For the definition of fire impacts, please refer to Ma et al. (2016). 

(8) Stumpage prices: This section has the same seven species groups and three commercial size classes 

as in the TSI section. The user can enter values to reflect the stumpage price for each specific 

category.   

 

How to Run the Simulator? 

  
Once all the required fields are entered correctly, the user can run the simulator by taking one of the 

approaches as described below.  

(1) Go to Developers tab > Macros > Run (Fig.3) 
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Figure 3. Location of “run” in excel 

 

If the user doesn’t have a developers tab present, they can customize their ribbon to add developer’s tab 

by following this step- 

a. Go to file > Options > customize ribbon > on main tabs check Developer 

(2) Alternate method to run macro without developer, 

 Go to View tab > Macros( at the right end of the list) > view macros > Run 

After starting the macro, it will take Excel some time to run the program and generate simulations. The 

running time depends on the length of simulation, and the number of repetitions. Generally it should 

take somewhere from less than one minute to several minutes. The user can find the summarized results 

in the “Input” worksheet and the other simulation results in the other sheets within the Excel file. Two 

examples are provided below to illustrate how to read the results. Once a new simulation has started, the 

simulator will replace all old tables and charts with the new ones. For this reason, you should save the 

workbook as a different file after each simulation.  

--------------------------------------------------------------------------------------------------------------------------- 
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EXAMPLE-1: Deterministic Simulation with TSI 

 
Here we perform simulations based on the deterministic part of the model, i.e., we choose, Fire = “NO” 

in the input section. For a given initial condition of a stand, we obtain the results of the volume of harvests, 

NPV of harvests, and residual basal area. 

 

Setting Simulation Parameters: 

 
The number of repetitions is selected to be “1”, as it is a deterministic simulation. Next, the start year 

and end year of simulations are set as 2011 and 2050, respectively. We then choose Climate scenario-

RCP4.5. Both the slope and site index  are left at their default values: 14.5 degrees and 4.3 m3 ha-1yr-1 

respectively. We will select “no management” as TSI will be implemented. We set the frequency and 

intensity along with the first year of TSI in the TSI section. All these inputs can be seen in Figure 4.  

 

Figure 4. Display of all the input parameter for example-1 
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Simulation Output  

The NPV and harvested volume (Fig.5) are summarized in the Input Data worksheet, while the other 

worksheets contain much detailed data of the simulation.  

 

Figure 5.Display of NPV result generated through simulation 

 

Stand development worksheet- This worksheet (Fig. 6) shows the number of trees per hectare on the 

stand after harvests by species and diameter class, for each year of the simulation. Scrolling to the right 

reveals the tree distribution for other species and sizes. Scrolling down reveals the result for more years.  

Basal area, volume worksheet- This worksheet (Fig. 7) shows, for each year, the basal area and volume 

of each species and size corresponding to the number of trees in the stand development worksheet.  

 

Commented [ZM1]: Show as a figure.  
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Figure 6. Display of the Stand development worksheet 

 

 

 

Figure 7. Display of the Basal area, volume worksheet 
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TSI worksheet- This worksheet (Fig. 8) shows for each year, when TSI is implemented, the number of 

trees removed, volume harvested, and residual basal area for each species and size. All of the tables are 

formatted in the same way as the previous tables. 

 

Figure 8. Display of the TSI worksheet 
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EXAMPLE-2: Stochastic simulations considering fire impacts 

 
In this example, we perform simulations based on the stochastic part of the model, i.e., we choose, Fire 

= “YES” in the input section. We turn off all management-related options included in the TSI and 

Management sections. This example illustrates how to read the results of the stochastic growth model 

when requiring multiple repetitions. 

 

Setting Simulator Parameters: 

 
The number of repetitions is set as “10” here. “no harvest” and “no TSI” are selected as the program in 

its current state cannot evaluate management when performing stochastic simulations (fig.9).  

 

Figure 9. Display of input variables within input worksheet 

Simulation Output  

The outputs of this example are contained in two worksheets. Rep stand data worksheet contains, for 

each replication, the number of trees per hectare on the stand by species and diameter class, while the 
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Rep ba data worksheet displays the basal area. All the data displayed follow the same format as the other 

data tables. The variation in each replication of the same simulation (i.e., same parameters) is due to the 

random fire impacts. 

Literature cited: 

Ma, W., J. Liang, J. R. Cumming, E. Lee, A. B. Welsh, J. v. Watson, and M. Zhou. 2016. Fundamental 

shifts of central hardwood forests under climate change. Ecological Modelling. 332:28–41. 

 

Wang, Y., Ma, W., Farlee, L., Jackson, L., Shao, G., Ochuodho, T., Liang, J. and Zhou, M.* A 

spatiotemporal analysis on the economic benefits of hardwood management in Indiana. Forest 

Science (Under review).  

 

 

 

 

 
 

 


