
The TASS model
TASS is a stand-level, spatially explicit, individual-tree growth model driven by height growth, crown

expansion, and bole increment (Mitchell 1975). The original version is known as TASS I, the present 
operational version is referred to as TASS II, while our experimental version is known as TASS III.

TASS III is a multi-canopy version of TASS II that includes the light model tRAYci (Brunner 1998); tRAYci
enables the simulation of spatially explicit light levels (Gersonde et al. 2004). The use of tRAYci light 
information will allow TASS III to modify understorey growth (Figure 1).

Figure 1 TASS III visual output with light simulation.

Figure 2 Aerial view of a simulated mixedwood stand (right) with vertical light profile (left).

Review of light and tree growth
We are currently focusing our efforts on developing relationships between light and growth for white

spruce and lodgepole pine in aspen stands. This will allow us to explore TASS III model behaviour and 
ultimately simulate boreal mixedwood stands.

Our focus on light and growth is crucial for understanding forest stand dynamics (e.g., Carter and Klinka
1992; Wright et al. 1998; Comeau 2001). Light availability is recognized as one of the key determinants of
understorey tree growth and survival (Kaufmann and Ryan 1986; Chen et al. 1996; Williams et al. 1999).

To create a solid foundation for the creation of TASS III relationships between growth and light avail-
ability, a review of existing information on the relationship between growth and light (Figure 3) was
undertaken (Astrup 2005a and b).
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Incorporating the light-growth relationship in TASS III
We plan to simulate understorey tree growth through quantifying the impact of light on relative

height growth (and on diameter and crown growth) using the potential × modifer approach (Reed et al.
2001). The review of published light and height growth relationships indicates a large variation in poten-
tial growth model functional forms (Figure 3). For the purposes of TASS III development, we are exploring
the use of maximal frontier functions (Cummings et al. 2001), which quantify the upper boundary of
light-dependent relative height growth. For an individual tree, the upper boundary of growth will then be
modified by individual tree coefficients for height growth variation (distribution) and site index. We will
be using all available tree-level data from various sources to estimate the functional coefficients.

Figure 3 Review of existing regression models predicting spruce and pine height increment as a function
of light availability. To facilitate comparison, all values are relative to the predicted maximum
increment (usually 100% light availability). 
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We are developing TASS III understorey white spruce (Picea glauca
(Moench) Voss) and lodgepole pine (Pinus contorta Dougl.) height,

diameter, and crown growth relationships to enable TASS simulations
of aspen-spruce and aspen-pine boreal mixedwoods. We are currently

focusing our efforts on developing relationships between growth
and light for white spruce and lodgepole pine in aspen stands.THE PROJECT
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Understorey pine
A total of 23 studies with measurements of both light availability and pine growth were identified

(Astrup 2005b).
Under field conditions in conifer-dominated stands, the majority of the reviewed literature indicates

that the relationship between light availability and height increment is approximately linear (slightly
asymptotic or slightly exponential). In two shadehouse experiments and in two other cases, more 
asymptotic relationships have been observed. There is insufficient information to judge the relationship
between light availability and height increment in aspen-dominated stands.

The reviewed literature indicates that pine diameter increment increases throughout the full light
spectrum. Additionally, all sources seem to indicate that this relationship is approximately linear under
conifer-dominated canopies. There is insufficient information to judge if this also is the case under aspen
canopies.

Understorey spruce
A total of 48 studies with measurements of both light availability and spruce growth were identified

(Astrup 2005a).
Under aspen-dominated canopies, spruce (mainly white spruce) height increment follows an asymp-

totic pattern. There is a rapid increase in height increment between 0 and 50% light, while the gain in
height increment between 50% and 100% is small (less than 20% gain). Under conifer-dominated
canopies, the relationship between light and height increment is approximately linear (slightly exponen-
tial or slightly asymptotic).

Under aspen-dominated canopies, spruce (mainly white spruce) diameter increment increases to 100%
light, although the increase in diameter increment between 75% and 100% light likely is small. Under
conifer-dominated canopies, the relationship between light and diameter increment is approximately 
linear (slightly exponential or slightly asymptotic). The difference in understorey spruce performance
under conifer-dominated and aspen-dominated canopies is further illustrated and discussed by Astrup 
et al. (in preparation).

TASS III and boreal mixedwoods
Trembling aspen (Populus tremuloides Michx.) has recently been added, while white spruce and 

lodgepole pine have been supported in TASS for many years. Thus, the TASS III model will have the key
components to initiate simple boreal mixedwood simulations. However, to allow reasonable stand 
competition dynamics, additional parameters that enable changes in height and crown growth in
response to light availability (Figure 2) and other climatic and environmental variables are required.
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