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Introduction 
Across broad scales, climate drives many forest dynamic processes such as succession, 
disturbance and species mixtures (Wu & Loucks, 1995; Veblen, 2003). As the climate 
changes, it is unlikely that ecosystems will respond in entirety, but rather will have a 
response at the level of individual species. Through competition of existing, migrating, 
and introduced/exotic species, in combination with climate conditions and adaptations, 
new forested ecosystems will be formed (Davis, 1986; Davis & Shaw, 2001; Hansen et 
al., 2001). What these new ecosystems will be is unknown, although many researchers 
continue to project such changes. For example, researchers have predicted massive 
species extinctions as a result of habitat loss in one form or another as a direct result of 
rapid climate changes and the lack of inherent resilience in populations, communities, 
and ecosystems (Thomas et al., 2004).  
 
Climate changes are projected to occur much more quickly in the future than they did in 
the past, compromising the ability of species to adapt or migrate (Davis, 1986). In the 
north in particular, climate warming may be more severe, increasing at a faster rate and to 
higher temperatures than in the south (Stewart et al., 1998). Disturbance regimes such as 
insect pests will be affected, and will continue to play a dominant role in ecosystem 
reorganization (Dale et al., 2001; Hansen et al., 2001).  
 
One solution is to characterize the climate conditions under which current tree species 
can survive in order to begin an assisted migration program within the province of BC. 
Once these range of climate conditions are determined from climate suitability envelopes, 
researchers and managers can begin to identify potentially new areas of suitable climate 
for assisted species migration. Assisted migration can take many forms, but one example 
might be to begin planting mixed species within a plantation of species which previously 
existed on site, in combination with species from warmer, lower elevation, or more 
southerly latitudes.  
 
Climate suitability envelopes can be generated using a variety of data sources, including 
current climate / climate normals (McKenney and Pedlar 2003, Gavin and Hu 2006, 
Hamman and Wang 2006), historical or dendrochronological information (Zhang et al. 
1999), and future climate models and projections (Hamman and Wang 2006). By 
quantitatively or qualitatively (through expert opinion) evaluating the range of climate 
conditions under which the species can survive, researchers have been successful at 
predicting suitable habitats for species currently (Robertson et al. 2001, Farber and 
Kadmon 2003), as well as into the future (Hamman and Wang 2006). While it is 
recognized that tree species are long-lived, and thus survive a broader range of climate 
conditions than indicated solely by current climate conditions, historical data can be 
difficult to obtain, have suspect accuracy, or be of limited spatial or temporal extent. This 
limits research to generating climate suitability envelopes to using the more abundant and 



accurate current climate data sources, but recognizing that the climate suitability 
envelopes may be smaller than the true range of conditions under which a tree species 
may survive; it is a conservative estimate. 
 
The purpose of this project is to create climate envelopes for four tree species which have 
wide ranging habitats throughout BC, and other parts of North America. These species 
are: Douglas fir (Pseudotsuga menziesii, Mirb, Franco), Engelmann spruce (Picea 
engelmannii), hybrid (or interior) spruce (Picea engelmannii x glauca), and white spruce 
(Picea glauca). The climate envelope will be used in subsequent phases of the larger 
projects to model potential species’ distributions under varying climate change scenarios.  
 
The tree species chosen are species which are susceptible to two insects infesting forests 
in BC: spruce budworm, which infests Douglas-fir, and spruce bark beetle which infests 
the three spruce species. Both pests attack at endemic levels, with periods of epidemic 
outbreaks linked to climate triggers, such as temperature and precipitation. The goal of 
both larger projects is to identify these triggers in more detail and to model potential 
outbreaks in the future under several climate change scenarios. 
 
Methods 
Climate suitability envelopes were created using a correlative multivariate analysis 
method Principal Components Analysis (PCA) with presence only data for Douglas fir 
and spruce species (all spruce species combined). The goal of this analysis was to 
produce probability maps for each species throughout the province of BC, in every timber 
supply area (TSA).  
 
Several other analysis methods were initially explored, including those which 
incorporated presence and absence data, as well as methods which generated climate 
envelopes using mechanistic methods such as General Linear Models (GLMs), and 
General Additive Models (GAMs).  
 
Methods which required presence and absence data were quickly discarded when it 
became clear that absence data would be difficult to obtain for the entire province. 
Furthermore, including absence data introduced problems into the analysis, by requiring a 
comprehensive definition of absence. That is, we knew that the presence data was a 
sample of entire population of the species distribution, and that these plots had been 
placed in a systematic manner throughout the province. The same was not necessarily 
true for any absence data we could obtain; they were simply plots which had been put in 
to sample other species than our species of interest. Although arguments could be made 
to include absence data (the literature, for example, indicates that including absence data 
may improve predictive results (Brotons et al. 2004)), we decided to exclude this data 
because of our concerns over sample size described above.  
 
Mechanistic models incorporate climate variables based on an understanding of the life 
history of the species being modeled. As an example, Burton and Cummings (1995) 
simulated forest composition based on, bud-break heat sum requirements, growing season 
limits, and chilling requirements using a forest patch model of regeneration, growth and 



mortality created for individual trees. Correlative models, in contrast, as useful when less 
is known about the response of the species to external variables, such as climate, and an 
estimate of the relationship of the species to these variables is required. Because the 
purpose of this project is to provide a broad scale estimate of future climate conditions 
under which Douglas fir and spruce can survive, and we were less concerned with the 
physiological response of species to any particular climate variables, a correlative 
approach was chosen. 
 
In this analysis, a climate suitability envelope model was constructed separately for 
Douglas fir and all spruce species combined using a correlative PCA method (Robertson 
et al. 2001, and 2003). This method identified geographic locations where climate was 
suitable for tree growth, expressed as a probability where high probability indicates 
higher suitability for that species and vice versa. Because PCA required only location 
data for the presence of the species, rather than presence and absence (see discussion 
above), the fundamental niche of a species could be defined by any number of predictor 
variables, some of which may be correlated to each other.  
 
PCA is a multivariate data reduction technique which reduces the original variables into 
weighted linear combinations, called components (Costello and Osborne 2005). The 
components are uncorrelated and explain all the variance in the original data. When using 
this technique to define environmental (climatic) suitability for a species, all predictor 
variables, linked to a particular location where the species is present, generate a 
hyperspace from the components, where the centre of the niche is defined by the centre of 
the hyperspace (Robertson et al. 2003). To define the environmental suitability for the 
species at different locations or under different environmental predictor values, these new 
locations then are fitted into the hyperspace using the component values. The distance 
from the origin is taken to be a measure of suitability, and can be used to derive a 
probabilistic distribution (Robertson et al. 2001). 
 
 
DATA 
1. Species Distribution Data 
Four different datasets were acquired which describe the current distribution of tree 
species. Three of these datasets, described in further detail below, contained information 
on vegetation plots which contained Douglas fir or spruce trees throughout BC, Alberta, 
and Washington State (Figures 1 and 2). A total of 7,043 Douglas fir and 17,982 spruce 
plots were captured by these three datasets. The fourth dataset described the complete 
spatial distribution of Douglas fir and spruce across the province of BC, and was used for 
verification purposes in later stages of the analysis. 
 
The four datasets were: 
 

1. Biogeoclimatic Ecosystem Classification (BEC) Vegetation Plots for BC. These 
data were provided by the Ministry of Forests and Range Research Branch in 
Smithers. For each of the four species, the data described the presence of the 
species, as well as the slope, aspect, elevation, latitude and longitude of the plot. 



Each plot is 20 m x 20 m. There were 5,738 plots containing Douglas fir, 4,316 
plots containing Engelmann spruce, 2,368 plots containing white spruce, and 
4,688 plots containing hybrid spruce. The plot distribution across the province is 
shown in Figure 1 and 2. This dataset was used to develop a climate suitability 
envelope based on the current distribution of each species.  
 

2. Vegetation Plots for Alberta. These data were obtained from the Alberta 
Government. This plot data is similar to the BC BEC Vegetation Plots. The data 
described: plot locations, site assessments, soils/parent material, soils/site soil 
horizon, vegetation and site species. There were 324 Douglas fir plots, 4,212 
white spruce plots, and 2,000 Engelmann spruce plots. This dataset was used to 
develop a climate suitability envelope based on the current distribution of each 
species.  
 

3. Vegetation Plots for Pacific Northwestern US. These data were obtained this data 
from the US Forest Service in Seattle. The data were National Forest Inventory 
Plot data for Washington Stats. These datasets described the permanent plot 
location, vegetation composition, and climate variables for that plot. Plot location 
had introduced error because the US will not release plot locations due to national 
security issues. There were 981 Douglas fir plots, and 398 Engelmann spruce 
plots. This dataset was used to develop a climate suitability envelope based on the 
current distribution of each species. 
 

4. Forest Inventory for BC. For each timber supply area (TSA) in the province, the 
Vegetation Resources Inventory (VRI) was downloaded from the BC 
Government’s Land and Resource Data Warehouse (www.lrdw.ca). Amongst 
many attributes in these datasets, the data includes information on leading (where 
the tree species comprises 50% or greater basal area) tree species delineated at the 
stand level. The data are a complete spatial coverage for each TSA rather than 
plot data. This dataset was used to verify the accuracy of the climate suitability 
envelope generated with the above three datasets.  
 



 
Figure 1 Distribution of 7,043 Douglas fir plots across BC, Alberta, and Washington State. 

 
Figure 2 Distribution of 17,982 spruce (Engelmann, white, and hybrid) plots across BC, Alberta, and 
Washington State. 

 



2. Climate BC Software 
Gridded (raster) climate data were available from the Ministry of Forests and Range and 
researchers at UBC (http://genetics.forestry.ubc.ca/cfgc/climate-models.html) through the 
software program Climate BC. These data described monthly temperature and 
precipitation normals across BC for the 30-year period 1961-1990. This dataset was 
originally created using the interpolation method Parameter-elevation Regressions on 
Independent Slopes Model (PRISM) by the Spatial Climate Analysis Service of Oregon 
State University at a resolution of 2.5 arcmin. The dataset was created by interpolating 
weather station data, and adjusting for elevation differences.  
 
Climate BC downscales the PRISM data to the resolution of input data for BC, and parts 
of Alberta and the US, using the methods discussed in Wang et al. (2006). Both annual 
and monthly data are available. This program was used to develop the initial climate 
suitability envelope models for each species, and to model the current (and eventually 
future) climate suitability across the province. 
 
3. Elevation Data 
Canadian Digital Elevation Data (CDED) data were downloaded from the Canadian 
Government (www.geobase.ca) for the province of BC, at a scale of 1:250,000k. These 
elevation data have been compiled from positional data provided from each province, or 
from the National Topographic Data Base. The initial input resolution of the data was too 
fine scale, so the data were resampled in ArcGIS to a final resolution of 600 m x 600 m 
spacing between elevation points.  
 
Elevation data were used as input data to the current climate suitability model for 
Douglas fir and spruce from the climate suitability models. 
 
ANALYSIS 
Vegetation plot data from BC, Alberta, and the US were combined into one dataset for 
each species of interest in GIS (ESRI ArcMap 9.2, ArcView License) and prepared for 
input into Climate BC. The data were then loaded into Climate BC to obtain the 
following annual climate variables for each plot location: 

 MAT - Mean annual temperature (oC) 
 MWMT- Mean warmest month temperature (oC) 
 MCMT- Mean coldest month temperature (oC) 
 TD- Temperature difference between MWMT and MCMT, or continentality (oC) 
 MAP- Mean annual precipitation (mm) 
 MSP- Mean annual summer (May – Sept.) precipitation (mm) 
 AH:M- Annual heat to moisture index (MAT + 10) / (MAP/1000) 
 SH:M- Summer heat to moisture index (MWMT) / (MSP/1000) 

Because Climate BC currently does not cover the full extent of the US and Alberta, the 
final dataset size used in this analysis (from the BEC plots) was: 
 Douglas fir – 5737 plots 
 Spruce – 11,392 plots 
 



To summarize the data quantitatively prior to statistical analysis January and July 
Minimum, Maximum, and Mean Temperature and Precipitation as well as the 
temperature of the coldest month were extracted from the BC data only. This was 
completed for each species separately as well as for all spruce species combined. 
 
A PCA was carried out using the vegetation plot data for each species and associated 
climate data for BC, Alberta, and Washington State (from Climate BC). The climate 
variables were the predictor variables, while the vegetation plot data indicated the 
presence of the species. Initially elevation, aspect and slope were included as predictor 
variables but proved unnecessary information in the analysis so were removed.  
 
Prior to the PCA the mean and standard deviation of each predictor variable was 
calculated. All variables were then standardized by subtracting the mean and then 
dividing by the standard deviation. The PCA for each species was implemented in Splus 
7.0. All eight components were initially extracted, and eigenvalues calculated. The PCA 
model was: 

Species Presence =  ~ MAT.ST + MWMT.ST + MCMT.ST + TD.ST + MAP.ST 
+ MSP.ST + AHM.ST + SHM.ST 
where “.ST” indicates the standardized variable as described above. 

 
For Douglas fir, the scree plot (Figure 3) and cumulative proportion of variance explained 
by the model, indicated that three components should be retained. The final climate 
suitability model chosen thus accounted for 94% of the variance observed in the species 
data. 
 

 
Figure 3 Scree plot of the Douglas fir PCA. This is a plot of the eigenvalues against the cumulative 
variances. A sharp decline in the line shape around variance 1 indicates a break between the 
“important” components and those components with less importance. 

 



 
For spruce, the scree plot (Figure 4) and cumulative proportion of variance explained by 
the model, also indicated that three components should be retained. The final climate 
suitability model chosen thus accounted for 94% of the variance observed in the species 
data. 
 
 

 
Figure 4 Scree plot of the spruce PCA. This is a plot of the eigenvalues against the cumulative 
variances. A sharp decline in the line shape around variance 1 indicates a break between the 
“important” components and those components with less importance. 

 
Predicted1 suitability values were calculated as follows: 

1. All variables were standardized using the means and standardized deviations 
above. According to Robertson et al. (2001) this will centre the predictive dataset 
onto the same hyperspace origin as the data used in the original PCA. 

2. Using matrix algebra, the predictor variables were multiplied by the component 
loadings to create new component scores for the predictive locations. 

3. The component scores were also standardized by dividing component scores by 
the associated eigenvalue. 

4. The standardized component scores were squared and summarized. 
5. A chi-square probability distribution was then fit to the data in step (4) to obtain a 

suitability probability at each location. This step assumed that the data was 
normally distributed. 

                                                 
1 The term “predicted” is used here in the context of model outputs. That is, that a model is designed to 
“predict” or “project” a process or condition of interest. It does not imply that the outcome is in a future 
time period. A predicted value can occur in the same time period as an observed value, at least for historical 
or current time periods. In this project summary the term predict is used to differentiate modelled values 
from observed values. 



 
VERIFICATION 
The results of the climate suitability modeling were verified by overlaying the VRI data 
for the Okanagan and Prince George TSAs with the predicted climate suitability for each 
species. This allowed us to visually compare the results of the modeling with the current 
spatial distribution of the species on maps. In addition, we were able to generate 
histograms showing the range of climate suitability probabilities under which the tree 
species is currently living. 
 
Results and Discussion 
QUANTITATIVE SUMMARY 
The range of climate conditions in which each species was found has been summarized in 
Table 1. 
 
Table 1 Range of climate conditions where Douglas fir, Engelmann spruce, Interior spruce, and 
White spruce have been found (presence data from BEC Veg Plots). 

Species Temperature (oC) 
 

Total Precipitation (mm) Degree 
Days 
(5oC 
base) Jan Min July 

Max 
Mean 

Annual 
January July Annual 

Douglas fir -21.8 - 
1.8 

10.4-
28.5 

4.9-
10.0 

19.0-
722.0 

17.0-
192.0 

265.0-
5,208.0 

43.6- 
2,230.9 

Engelmann 
spruce 

-20.1-
0.4 

10.8-
27.3 

-3.8- 
10.0 

20.0-
653.0 

22.0-
209.0 

339.0-
4,408.0 

1,528-
2,181.4 

Interior spruce -25.4-  
-0.8 

10.2-
28.4 

-4.9- 
8.7 

20.0-
462.0 

22.0-
181.0 

303.0-
4,574.0 

43.6-
1,927.0 

White spruce -28.8-
0.8 

9.6-
27.5 

-4.9- 
9.7 

17.0-
385.0 

29.0-
167.0 

335.0-
2594.0 

43.6-
2050.9 

 
Douglas fir tends to be found in warmer climates as well across a broad range of drier 
and wetter climates than any of the spruce species (Table 1). Although January minimum 
temperatures were very similar to the range found for spruce, mean annual temperatures 
were considerably warmer. In addition, the growing degree days for this species tended 
also to be higher. Douglas fir were in both drier (with 265 mm of annual precipitation) 
and wetter (with 5,208 mm of annual precipitation) areas compared to the spruces, and 
tolerated the highest maximum annual precipitation of all species.  
 
The three spruce species appeared to occupy very similar climate ranges at first glance. 
However, Engelmann spruce was differentiated from the other two species primarily by a 
much smaller range of growing degree days (Table 1). Engelmann spruce also seemed to 
tolerate extreme cold temperatures less well than interior or white spruce. Interior spruce 
and white spruce were found to be growing in areas with similar temperature conditions, 
but interior spruce tends to favour wetter growing environments than white spruce. 



CLIMATE SUITABILITY MODEL 
The loadings of each climate variable on each of the principal components describe the 
importance of particular climate variables on the observed species distribution. Loadings 
on component 1 indicate a strong inverse relationship between mean annual precipitation 
and Douglas fir presence (Figure 5). That is, Douglas fir tend to grow in drier climates 
with lower precipitation. The second principal component is related to temperature 
effects on the species. Both mean warmest month temperature, and mean annual 
temperature are positively related to Douglas fir presence. Finally, the third component 
describes the contintentality, or seasonal temperature fluctuations. Douglas fir are 
growing in climates with larger seasonal temperature fluctuations than more moderate 
climates.  
 

 
Figure 5 Component loadings of the three selected components for the Douglas fir PCA. 

 
Loadings on component 1 indicated a strong relationship between spruce presence and 
both the summer and annual heat to moisture indices (Figure 6). Spruce trees are found in 
areas with warmer temperatures balanced in comparison to precipitation, especially in the 
summer months. The second principal component was inversely related to the mean 
coldest month temperature. Specifically, spruce is less likely to grow in areas, the colder 
the winter temperatures are. Finally, the third component describes both the relationship 
between spruce and seasonal temperature fluctuations (TD). This implies that spruce 
grow more often in areas with large seasonal changes in temperature, i.e. interior 
continental conditions, rather than in coastal areas where seasonal temperature changes 
are smaller.  
 
The PCA highlights differences in the important climate drivers between Douglas fir and 
spruce. Although both species are more likely to grow in areas with warmer summers, 
Douglas fir is highly dependent on precipitation factors, while spruce is dependent on 
seasonal temperature (cold and warm months).   
 



 
Figure 6 Component loadings of the three selected components for the spruce PCA. 

 
CLIMATE SUITABILITY PROJECTIONS 
Because of the volume of data, results will be shown for two TSAs, the Okanagan TSA in 
the Southern Interior Region and the Prince George TSA in the Northern Interior Region. 
Both Douglas fir and spruce are dominant commercial species in the Okanagan TSA. In 
the Prince George TSA, Douglas fir is at its northern limit, and therefore less dominant 
than spruce. These two TSAs thus provide good contrast of the range in the results from 
the climate suitability envelope modelling. 
 
Climate suitability maps have been generated to visualize the data. The suitability 
probabilities were divided into categories for ease of reporting. These categories are 
simply one interpretation of the data with regards to suitability.  
 
Okanagan TSA 
Climate suitability for Douglas fir in the Okanagan TSA is higher in the south than in the 
north of the TSA (Figure 7). Most of the TSA has low suitability, with some areas in the 
north having no suitability at all. Based on information from the VRI data, Douglas fir is 
found throughout the TSA, including in many areas with low suitability for the species 
(Figure 8).  
 
It appears that most of the Douglas fir trees currently growing in the Okanagan TSA are 
growing in suboptimal climate conditions, where climate suitability is very low (Figure 
9). This was surprising, given that Douglas fir is a dominant species in the TSA, and that 
the analysis indicated that Douglas fir tended to be found growing in drier, warmer 
climates.  
 
It may, however, be an indication that Douglas fir, although responsive to climate, is a 
species which: 1) will grow in suboptimal climate conditions, especially when other 
factors such as competition relegates the species to these habitats, 2) factors other than 
climate are stronger drivers of this species distribution. In addition, it is possible that the 



distribution of data plots used to generate the climate suitability model did not adequately 
sample the range of climate conditions under which Douglas fir will grow, and that future 
refinement of the suitability model is possible. 
. 

 
Figure 7 Predicted climate suitability for Douglas fir, current time period, in the Okanagan TSA. 

 



 
Figure 8 Current distribution of Douglas fir in the Okanagan TSA overlaid upon the climate 
suitability projection. 
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Figure 9 Histogram of climate suitability probabilities for Douglas fir in the Okanagan TSA. The 
majority of the values are less than 0.50. 

 
In contrast, a large portion of the Okanagan TSA has medium to high suitability for 
spruce (Figure 10). In the north, and in the south, suitability is low for spruce, with higher 
suitability occurring in the east and west, likely at higher elevations. Currently, actual 
spruce distribution in this TSA is found in most of the medium to high suitability areas 
(Figure 11). In the south, however, spruce can be found in areas with lower suitability 
than areas of similar suitability in the north. 
 
Most of the spruce in the TSA is found in areas with climate suitability between 0 and 
0.75, with a peak in the distribution between 0 and 0.25 and 0.25 and 0.50 (Figure 12). 
From the map in (Figure 11), it appears that most of the spruce growing in less suitable 
climates are located in the south, possibly an indication where there is a lag between 
climate changes and species response. 
 



 
Figure 10 Predicted climate suitability for spruce currently in the Okanagan TSA. 

 



 
Figure 11 Current distribution of spruce in the Okanagan TSA overlaid upon the climate suitability 
projection. 
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Figure 12 Histogram of climate suitability probabilities for spruce in the Okanagan TSA.  

 
Prince George TSA 
Most of the Prince George TSA has low suitability for Douglas, as expected (Figure 13). 
Current Douglas fir distribution is sparse throughout the TSA, reflecting the unsuitable 
climate conditions for this species (Figure 14). 



 

 
Figure 13 Predicted climate suitability for Douglas fir currently in the Prince George TSA. 

 



 
Figure 14 Current distribution of Douglas fir in the Prince George TSA overlaid upon the climate 
suitability projection. 

 
Most of the Prince George TSA has medium to high suitability for spruce, although there 
are a few pockets of no and low suitability (Figure 15). Spruce is currently growing in 
these areas, as well as areas of lower suitability, except in the northwest of the TSA 
(Figure 16). 



 

 
Figure 15 Predicted climate suitability for spruce currently in the Prince George TSA. 

 



 
Figure 16 Current distribution of spruce in the Prince George TSA overlaid upon the climate 
suitability projection. 

 
Conclusions 
The PCA climate suitability models is a stronger predictor for spruce than for Douglas 
fir. The current distribution of Douglas fir has not been compared to the model for all 
TSAs, however, the two TSAs in which the comparison was made indicated that Douglas 
fir is currently growing in climate conditions which appear to be suboptimal, according to 
the climate suitability model. 
 
As discussed above, there may be several reasons why the Douglas fir model is not as 
good a fit as the spruce model. First, there were fewer samples available for the plots 
which were used to create the climate suitability model. It is thus possible that 1) 
extremes in climate were not captured by the sampling scheme, or 2) there were 
insufficient samples in the range of climate conditions where some of the locations where 



the majority of Douglas fir is currently growing. Second, since the current climate 
represents only a snapshot in time, historical climate conditions may have been different 
when many of the trees originally regenerated. This was tested however, in the Okanagan 
TSA using climate normals for 1901-1930, and climate conditions were less suitable 
(lower probabilities) than today (data not shown). Nevertheless, other time periods could 
be examined to further test this hypothesis. Third, Douglas fir may be less responsive to 
climate than spruce species, and more responsive to endogenous stand dynamic processes 
such as competition for moisture, nutrients and light. This would be logical, given that 
Douglas fir is often found in early successional forests. The result would be relegation of 
this species to suboptimal climatic environments in areas where other species such as 
spruce or lodgepole pine can outcompete the Douglas fir, or a gradual transition of 
Douglas fir to other species in many of these environments.  
 
In the next phase of the project it will be essential to be conservative in our estimates of 
Douglas fir distribution based on the climate suitability model. Lower climate suitability 
is not an indication that the species will never be found at that location therefore, just that 
the chance of the tree growing there is much lower than, for example, a spruce tree which 
may have a higher probability given the climate. As such, it may be possible to treat the 
migration of Douglas fir as a slower process than spruce in the model, thereby accounting 
for external (climate) influences directly and internal (stand dynamic) processes 
indirectly. 
 
Next Steps 

1. Verification of the model can continue in 1-2 more TSAs in the province. It may 
be possible to use the kappa statistic for verification and this can still be explored. 
Previous attempts with this statistic found it to be meaningless because both 
species are currently growing in areas with lower climate suitability in many cases 
(as well as areas with moderate to high suitability).  

2. Once the project team is satisfied with the climate suitability model, future 
projections can be made using Climate BC to model future climate conditions, 
and applying this climate data to the climate suitability model. 

3. The project team should work with MFR and NRC staff to integrate the future 
climate suitability modelling results into seed transfer guidelines and future 
planting strategies to facilitate assisted migration in the province, if so desired. 
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