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 Introduction 
A number of forest planning models consider the impact of forest management 
activities at large landscape scales (e.g. Daust and Sutherland 1997; Liu et al. 
2000), but few are focused on the assessing the effects of partial harvesting 
systems or variable retention management on the development of forest 
structure associated with wildlife habitat supply. The local level ecosystem 
management simulator (LLEMS), which is a spatial extension of the mechanistic 
forest growth model FORECAST (Kimmins et al. 1999), has been under 
development for the past five years with funding from NSERC, the BC Forest 
Sciences Progam (FSP) and International Forest Products. This ecologically 
based, spatially explicit, decision-support tool enables the user to explore the 
long-term consequences of the implementation of a wide variety of cutblock 
shapes, orientations, and variable retention strategies for a series of economic, 
ecological, and social (e.g. visual) indicators of SFM (see below for a detailed 
description).  The primary objective of this 2-year research project was to 
further develop the LLEMS model to give it the capability to assess the 
impacts of management activities at the large cutblock or watershed scale on 
spatial and temporal patterns of wildlife habitat supply. 
 

Methods 

Description of existing modelling framework 
The Local Landscape Ecosystem Management Simulator (LLEMS) is an 
ecologically based, spatially explicit, modelling framework designed to explore 
the short and long-term consequences of varying cutblock shapes, orientations, 
and retention strategies for a series of economic, ecological, and social (e.g. 
visual) indicators of SFM (see Seely 2005 for more detail). The modelling 
framework operates at a spatial scale of a large cutblock or group of cutblocks 
(up to 3000 ha in size). The primary components of LLEMS include an interactive 
visual management interface and a linked forest growth model. The visual 
management interface developed by the Collaborative for Advanced Landscape 
Planning (CALP) lab at UBC allows the user to layout cutblocks and retention 
areas in a three dimensional environment a using a mouse (Fig. 1). After a series 
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of spatial management choices are defined, the layout is sent to the growth 
model. Growth within LLEMS is driven at the pixel-group level (with a 
minimum resolution of 10m x 10m) based on a modified version of the 
FORECAST model.  The present capabilities of the model include a 
representation of the effects of forest edges and dispersed retention on natural 
regeneration patterns, light availability, and resource partitioning between 
species and age cohorts. Model performance is currently being evaluated on a 
series of permanent sample plots established with Interfor and Triumph Timber 
as industry partners. Output from the forest growth model can be viewed as 2- 
dimensional maps including graphs and tables or exported for 3-dimensional 
viewing within the visual forest management interface. 

 

 

 

 

 

 

 
 

 
 

 
Figure 1. A screen capture from the 3-D interactive visual management interface for 
viewing the landscape and laying out cutblock boundaries and associated retention 
areas within LLEMS. Examples of aggregate and dispersed retention are shown. 

 
Methods employed to achieve specific objectives 
A description of the methods employed to meet the specific project objectives is 
provided below.  
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1. Further develop and add a generalized wildlife habitat supply submodel to 
FORECAST and adapt it to LLEMS: A general wildlife model prototype 
developed by Simmons (2005) for use in FORECAST was modified and further 
developed to facilitate its incorporation into the FORECAST model.  This work 
included the development of a user interface, the development of code to allow 
the user to utilize existing vegetation and stand structure variables within 
FORECAST to calculate specific habitat quality indices, and the development of 
code to allow FORECAST to report out on wildlife habitat indices. The work also 
included the development of code to link the habitat indices to maps created in 
the spatial LLEMS environment.   
2. Develop a series of general indices for habitat quality in SBS and ESSF 
zones, an index of habitat quality for mountain caribou and spatial indices 
that relate to habitat fragmentation and landscape pattern:  A series of general 
indices of habitat quality were developed for SBS and ESSF forest types based on 
a literature review.  In addition a series of spatial indices of landscape pattern 
were developed based on Serrouya and Deon (2004).  
3. Calibrate LLEMS for two study sites  
Two study sites for the project were selected based on the initial meeting in year 
1. The first site is the Blackbear Creek Group Selection Trial in the high elevation 
ESSF in the Caribou Forest Region but also includes some lower elevation ICH.  
The second site is the Gavin Lake Block of the Alex Fraser Research Forest, which 
is limited to SBS forest types. The calibration work included refining existing 
FORECAST calibration data sets for local conditions, establishing initial 
conditions in the model and importing the spatial forest cover data for LLEMS.  
4. To evaluate the capability of the model to simulate stand characteristics 
(vegetation and structure) used in the calculation of habitat suitability indices.  
Model evaluation work was scheduled to be completed in the final two quarters 
of Year 2 of the project.  The completion of this work has been delayed due to 
unforeseen development problems, which occurred during the debugging phase 
of code development (see Results Section).  
 

Results and Discussion 
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Development of the habitat suitability submodel in FORECAST 
The habitat suitability model in FORECAST was completed as planned.  The user 
interface of the model allows the user to construct and save specific indices using 
the wide range of stand structural variables generated by FORECAST using the 
equation builder.  
 
 
 
Development of general habitat indices and spatial metrics 
 
The primary product produced from the work focused on the development of 
habitat indices and general spatial metrics is contained in the report prepared by 
Rob Deon, which is included as Appendix 1 of the Final Project Report.  The 
report includes a description of forest type specific habitat indices that could be 
incorporated within the LLEMS modelling framework. It also includes a series of 
spatial metrics related to fragmentation and patch size distributions that will be 
incorporated in to the LLEMS model.  
 
Calibration of LLEMS for two study sites 
 
Blackbear Creek Group Selection Trial 
The LLEMS modelling framework was successfully calibrated for the Blackbear 
Creek Group Selection Trial located primarily with in high elevation ESSF forest 
within the Cariboo Forest Region.  The study are which is around 2700 ha in size 
also includes some lower elevation ICH forest types. The initial steps in the 
calibration work included the preparation of existing FORECAST datasets for 
regional application within the study area.  This included running the model 
with the ICH and ESSF datasets to establish initial stand conditions the reflected 
current conditions with the target area.  Spatial data were subsequently extracted 
from region forest cover data and TRIM data. A suite of initial discrete forest 
units were created using the clustering interface built into LLEMS.  Finally a map 
of the existing group selection trial was imported into LLEMS from a CAD 
dataset. 
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Figure 2. A screen capture of the map window within LLEMS indicating the spatial 
distribution of stand age in the whole Blackbear Creek study area. The group selection 
trial can be seen in the centre of the map. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. A screen capture of the map window within LLEMS indicating the spatial 
distribution of light availability for group selection trial area. The left panel shows light 
at the forest levels at the forest floor (white full light, dark gray low light). The right 
panel shows light level at the canopy top. Notice the effect of edge and patch size on 
light levels. 
 
 
An age class distribution map produced by LLEMS (Fig. 2) shows the location of 
the group selection trial in the centre of 2700 ha study area.  After the harvest 
layout of the group selection trial was implemented within LLEMS using the 
imported CAD map as a harvest prescription, the model subdivided the original 
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discrete forest units (prior to harvest) to determine a new set based on light 
mapping (Fig. 3) and simulated natural regeneration.  The spatially explicit light 
model within LLEMS is able to capture the effect of edge and opening size and 
orientation (North vs. South) on light levels at the forest floor and canopy tops 
for the tallest live trees in a given forest unit area.  
The post-harvest set of discrete forest units for the group selection area is shown 
in Figure 4. Each discrete forest unit within LLEMS is assumed to have a unique 
light environment and population of trees. The development of trees and 
vegetation within a given forest unit is simulated grown using a semi-
independent version of FORECAST which allows the light at the top of the 
canopy to be influenced by shading from neighboring cells or pixel groups. This 
means that vegetation growth and stand development will be influenced by the 
presence of larger retained trees and forest. Notice how the interior regions of 
patches of similar sizes are grouped into similar classes relative to those along 
edges or in different sized openings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. A screen capture of the map window within LLEMS showing the spatial 
distribution of discrete forest units within the group selection trial area of the Blackbear 
creek Study Area.  A total of 51 different forest units were identified by the model. 
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Gavin Lake Block of Alex Fraser Research Forest 
The LLEMS modelling framework was successfully calibrated for the Gavin Lake 
Block of Alex Fraser Research Forest located near the community of Williams 
Lake.  The study area, which is around 1500 ha in size, consists entirely of SBS 
forest type. The initial steps in the calibration work included the preparation of 
existing FORECAST datasets for regional application within the study area.  This 
included running the model with the SBSdw dataset to establish initial stand 
conditions the reflected current conditions with the target area.  Spatial data 
were subsequently extracted from region forest cover data and TRIM data. A 
suite of initial discrete forest units were created using the clustering interface 
built into LLEMS. 
 
Completion of code development and model evaluation 
There were two principle objectives with respect to code development for this 
project. The first was to develop the FORECAST wildlife prototype into a 
functional interface to allow a user to develop wildlife habitat indices for use 
within the stand-alone FORECAST model.  This aspect of the work was 
completed as planned (see section on the habitat suitability submodel in 
FORECAST).  The second objective was to link the stand-level habitat model 
with the spatial LLEMs modelling framework.  A beta version of the code was 
completed on time but some intractable problems developed during the 
debugging phase of code development, which proved to be difficult and time 
consuming to fix. While these the bulk of the code problems have been fixed, 
there are still a few outstanding problems that have hampered the evaluation 
phase of the project.  It was not possible to fix the bugs within the time 2-year 
time frame of the original project, but we, as a modelling group, are determined 
to get the code working as planned within the next few months. Our 
programmer, Kim Scoullar of Life Sciences Programming is under contract to us 
to complete the development of the code to meet the specified objectives. 
A demonstration of the type of maps which will be generated for study areas 
within LLEMS is shown in Figure 5, for the Blackbear Creek and Gavin Lake 
study areas.  The cavity nesting bird habitat suitability index shown here is based 
on a hard-wired calculation using variables generated from FORECAST.  The 
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user will be able to display similar maps and landscape metrics using indices 
developed as with the wildlife habitat interface in FORECAST. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. A screen capture from the LLEMS mapping window showing the distribution 
of the Cavity Nesting Bird Habitat Index in the Blackbear Creek (upper panel) and 
Gavin Lake (lower panel) study areas.  Red areas indicate high quality habitat while 
light blue areas indicate poor quality habitat. 
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