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Following clearcut harvesting, radiant energy exchange shifts to near the ground 
surface so that planted seedlings are subjected to microclimate (temperature, 
atmospheric humidity and soil water content) extremes, which affect their 
survival and growth rates. Variable retention (VR) harvesting results in higher 
spatial variability in microclimate; in particular, low light levels near the 
unharvested trees may limit the growth of planted seedlings. VR harvesting 
techniques also affect air and soil temperatures, soil water content, and solar 
irradiance; these, in turn, affect soil biological and chemical processes (e.g. 
mineralization of organic matter), which are critical to the establishment and 
growth of planted seedlings. While much research has focused on the transition 
in microclimates that occurs at the forest edge between the conditions of the 
forest interior and the open, clearcut environment, a critical need exists for a 
microclimatic research that focuses specifically on VR systems. We present early 
results from a BCFSP project whose aim is to use microclimate data (PAR, soil 
temperature and soil moisture content) collected along fixed sensor transects 
installed in dispersed, group and mixed group/dispersed VR systems to validate 
a forest growth model (FORGE) and to modify the model to include the effects of 
energy (solar and longwave radiation) and water (precipitation and evaporation) 
fluxes on seedling microclimate (temperature and moisture). 

Field Measurements Model Development: Light

Model Development: Leaf Temperature

The Forest Growth Engine (FORGE) model grows user-
defined grids (nominally 5m x 5m) of trees. The grids are 
grown independently but can interact as a series of cellular 
automata. Up to 20 ha of grouped or dispersed retention 
can be modelled. The model links tree and stand growth to 
modification of direct and diffuse PAR. Light enters and 
leaves each grid of leaves at calculated heights and 
impinges on the center of surrounding grids. Diffuse light is 
modelled around each grid by partitioning the viewscape
hemisphere into four fractions: canopy, sky, tree and 
landscape. These values are summed for the growing 
season (as defined in the figure caption below at right) for 
each grid. Presented at right is a 100-year modelled time 
series showing the evolving mean daily total PAR pattern 
for the 5% dispersed retention stand at the Stillwater study 
site. Light levels shown are those predicted for the top of 
the canopy for that year for the retained and new trees 
growing after harvesting; the general trend towards 
increasing overall PAR levels results from the fact that the 
new trees are growing faster than those retained, even as 
the light levels suppress growth in some areas. Separate 
plots of ground light show that the presence of the road 
allows the penetration of direct beam and substantially 
increases light levels at the forest floor.

Microclimate sensor transects have been 
established around a retained patch of trees in a 
10% group retention plot at the MH site. PAR (1 m 
height), soil temperature (3-cm depth) and soil 
moisture content (3-cm depth) are measured at 30, 
15, 5 and 0 m from the patch edge along transects
installed in each of the cardinal directions (see 
schematic below). An additional station provides 
data from the centre of the patch. Monthly averaged 
data for June-October 2005 are presented at right 
for the NS and EW transects. A climate station 
installed nearby measures half-hourly mean values 
of precipitation, solar irradiance, total and diffuse 
PAR, wind speed, air temperature and relative 
humidity, and provides reference data to drive the 
model. Model output will then be compared to the 
fixed transect data. 

Study Sites Malahat Site, 2005-present

The Malahat (MH) study site located off the Malahat Highway on 
southern Vancouver Island includes both group and mixed 
group/dispersed VR retention treatments. The advantage of 
having group and dispersed VR treatments in very close 
proximity is that a single climate station can provide reference
data for several experiments. Group retention also reflects the 
predominant form of VR harvesting used by the collaborating 
partner (Cascadia Forest Products).
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Stillwater Site, 2004

During 2004, we completed a pilot microclimate 
study in 30% and 5% dispersed VR plots at the 
Stillwater site near Powell River (at left). The VR 
harvesting was done in 2001 and seedlings were 
planted in 2002 up to 10 m inside retained patches 
and also under the drip line of residual dispersed 
trees. 

Malahat Climate Station
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As the first step in modifying FORGE to include an 
energy balance that includes canopy and soil 
components, we used the energy balance equation for 
the relatively simple case of a single leaf to derive an 
expression for leaf temperature. A more sophisticated 
energy balance model will allow for the separate 
determination of canopy-level leaf temperature as well 
as soil temperature.  Knowledge of leaf temperature 
will allow us to modulate FORGE’s photosynthetic 
response curves to account for changing canopy-level 
leaf temperature.  Using this approach, we obtained 
the maps of leaf temperature (top panels at right) 
which represent growing season averages for growing 
seedlings planted in a group VR plot at the MH site. 
This early work has pointed to the importance of 
understanding how windspeed varies around retained 
patches of trees. Sensible heat transfer is highly 
dependent on wind speed, and this creates difficulties 
when trying to model leaf temperature accurately at 
very low wind speeds when the mechanism controlling 
heat conductance through the leaf boundary layer 
shifts from turbulent to free convective flow (at right, 
lower panel).  

White is approximately 600 μmol/m2/s, dark=0 μmol/m2/s averaged over the growing season (April15-Sept 15 from 
sunrise+30 mins to sunset-30 mins). For Douglas-fir, site index 34, 600 stems/ha at start. Patches and leave trees 
indicated in red are 100 years old, site index 34 at start of simulation. Note that light is as predicted at the top of 
the canopy for the retention and new trees growing after harvesting. Yellow is road, green is surround. Notice that 
in the clearcut situation the surround affects the amount of light at the edges.

Top panels: Average growing season leaf temperature for 
seedlings in a group retention plot at MH, White = 8.6 to 12.3 °C, 
Black = 42 to 45.7 °C
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Bottom panel: Sensitivity of leaf temperature to windspeed for a 
range of characteristic leaf dimensions.


