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FMIBC Module 5: Strategic Forest-Level Analysis

Modeling Disturbances Using SELES

Laboratory Example

Goals

· Introduce you to hands-on operation of SELES (Spatially-Explicit Landscape Event Simulator) 

· Explore the range of behaviour possible with a simple empirical-type stand-replacing wildfire model.

· Explore effects of combining fire with again a simple model of ecological succession of tree species.

· Provoke questions on what you would add to a spatial model to answer specific landscape planning issues.

Landscape

The simulation landscape used here is an artificial one: 25,000 “cells” (1 ha in size) of susceptible forest. There are four tree species growing in single-species/single aged stands: spruce, balsam, pine and aspen.  There is no information here on elevation, topography, streams, site index, or other ecological variables one would require to model processes like succession and disturbances such as fire in greater detail. 

Beginning with a deliberately simplified landscape like this one is typical when developing landscape-level models.  Each additional layer of spatial data introduces new ecological processes and uncertainties into the model. For exploring fundamental model behaviour and relationships, an artificially simple landscape is the way to begin. 

Simulating Stand-Replacing Wildfires and Ecological Succession

Fire Regime Model

Considerable research has described effects of various explanatory variables on the frequency of fire (e.g. climate and weather, availability of fuel and ignition sources), but the actual occurrence of fire is a probabilistic event. Thus, fire frequency is often described by a set of statistical models that describe the probability of fire occurring in a given stand each year, given states of these explanatory variables.  The fire regime model in this lab is a simple example of an empirical-type model often used for strategic planning (e.g., it is used in the Robson Valley model with some additional map layers and relationships added).

Models of fire are often built with a negative exponential distribution (as is the model in this example). This statistical model assumes a simple forest on a uniform site, composed of many stands of equal flammability regardless of age. It also assumes that the fire climate is constant from year-to-year, fires are ignited at random throughout the forest, and that there is no topographic relationship controlling fire spread. 

The basic behaviour of the model is controlled by two main parameters:

· mean fire size (in cells or hectares)

· mean number of fires/year

The two parameters are related to the “fire cycle” (the frequency with which a particular stand will experience a fire), which is a basic descriptor of forest fire regimes used, by fire ecologists throughout North America. The equation that combines these parameters is:

Fire cycle = total area of susceptible forest/ (mean fire size * mean fires per year)

Once SELES chooses a fire ignition point, a value for area to burn is drawn from from a negative exponential distribution using the mean fire size parameter. Once burning, fires expand outwards using a simple probability distribution for direction to burn next from a given cell.

Running the Fire Model 

1. Start SELES.

2. Open the Fire scenario file (Fire/Fire.scn) using File/Open menu.

3. You should see two screens, with gray-scale patches of trees. These are different age classes of trees (dark=young; light=old). 

4. Select the DynamicModels/Simulate menu option. From the Simulation Control dialog box, press the “Simulate” button (simulating for the default 100 years).

5. Compare the patterns observed in TimeSinceFire screen (left) with the InitialTimeSinceFire screen (right).

6. Summarize the distribution of age classes with the View/Histogram tool. Select the map layer (e.g. TimeSinceFire), and set your desired histogram class size, and the maximum age class (e.g. 200 years).

7. Repeat steps 4-6 with different settings for the fire cycle parameters(different numbers of years, and fire size).

Ecological Succession of Tree Species

Under undisturbed conditions, tree species will gradually succeed on the landscape as light and nutrient conditions are altered. Generally, one or more climax species will predominate when stands remain undisturbed for a sufficient period. If stands are disturbed, then other tree species may appear.

Ecological succession is generally not well understood, and is particularly difficult to study in long-lived species, such as most trees. It can be modeled as a probabilistic event, dependent on time since disturbance, disturbance type, climate, elevation, influence of surrounding trees, and influence of the history of the stand. Because SELES represents stands as inventory type groups (ITG), probability tables specify the likelihood that a given ITG will shift to a different ITG given its age, features of the topography, climate, and/or the management or disturbance regime. The probability tables for ITGs can be visualized as a diagram, with the name of the ITG in the ovals, and the width of the arrows representing different probabilities (an example is shown below).
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Exercise

For this exercise, we have these succession rules for each of the four tree species.:

· Aspen:

· without fire – remain aspen until 100 years, then has a 10% chance/year thereafter of succeeding to spruce

· with fire – remain aspen

· Pine:

· without fire – remain pine until 100 years, then has a 50% chance/year thereafter of succeeding either to spruce or balsam fir

· with fire – remain pine

· Spruce:

· without fire - remain spruce

· with fire – 70% chance of succeeding to preferred early successional species (default aspen); 50% to alternate (default pine)

· Balsam fir:

· without fire – remain balsam fir

· with fire – succeed to pine

Running the Succession Model with Wildfire

Generally, this is similar to the Fire model above:

1. Start SELES

2. Open the Fire and Succession scenario file (FireSucc/FireSucc.scn) using File/Open menu

3. You should see four screens, with colours in the top two (species) screens, and grayscale in the bottom two (tree age) screens. The species colours are: aspen=light green; pine-red; spruce=dark blue; balsam=magenta). You can check these with the View/Show Legend menu 

4. Select the DynamicModels/Simulate menu option. From the Simulation Control dialog box, press the “Simulate” button (simulating for the default 100 years)

5. Compare the patterns observed in the left two screens with those on the right screen (right)

6. Summarize the distribution of area by species classes with the View/Histogram tool. Select the map layer (e.g. Species), and set histogram properties. Unfortunately, the histogram colours do not match the map colours (sorry, SELES doesn’t yet know how to match them – wait for later in 2002). You can open up more than one histogram (e.g.. one for species and one for age)

7. Repeat steps 4 — 6 with different settings for the fire cycle parameters and succession parameters, and for different numbers of years.

General Exercises

1. Experiment with the fire and succession parameters, and examine effects on configuration and extent of burned area using maps and simulation control screens along with the histogram tool.

2. Examine effects of 1) multiple runs with the same parameters; and 2) varying fire regime per run on landscape composition of forest types.

3. Consider what you would need to add to this model to experiment with:

a. Fire suppression

b. Age-dependent flammability of trees

c. Slope/aspect effects on fire spread

d. Interactions with other disturbance agents

e. Climate change.
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