
Conclusions
• Both the URF and the UTF models provide the 

same prediction accuracy. However, the URF 
is more straightforward in identifying an 
optimal seed source for a potential planting 
site, which is important for assisted migration 
at the population level. 

• A linear mixed-effect model offers no 
advantages over its counterpart linear model 
unless the sample size is extremely small; 
therefore, we recommend to give priority to 
including additional climate variables over 
including random terms in building a URF (or 
UTF). 

• Our final URF predicted the fundamental 
climate niche for a forest tree species 
(lodgepole pine) for the first time.

• Our projections suggest a need and a huge 
potential for assisted migration at both the 
species and the population levels.

Results
• URFs and the UTFs had the same performance, 

however, URFs were more explicit in terms of 
both provenance and test site.

• Multivariate models were superior to single variable 
models, but linear mixed model limits the use of 
multivariate model.

Figure 1. Response surfaces of the 20-year height of 
lodgepole pine of the single variable URF (a) and UTF (b). 
The URF is plotted against mean annual temperature for 
test site (MAT_s) and provenance (MAT_p), while the UTF is 
against climate transfer distance (MAT_d = MAT_s – MAT_p) 
and provenance (MAT_p).

• All models’ performances were improved 
with increases in sample size, linear mixed-
effect models had slightly smaller prediction 
errors than their corresponding linear 
models when sample size was very small.

Figure 2. Comparisons in prediction errors between linear and 
linear mixed-effect URFs (a and b) and between UTFs (c and 
d) with varying sample sizes. a and c are for a varying number 
of test sites, and b and d for a varying number of 
provenances. Twodash line, solid line, and dotted line 
represent maximum, mean, and minimum values of prediction 
error, respectively, resulted from 50 repeated runs with 
bootstrap samples for each sample size.

Figure 3. Spatial 
distributions of the 
fundamental niche of 
lodgepole pine (Pinus
contorta) in western 
North America 
predicted by a single 
variable universal 
response function (a) 
and final universal 
response function with 
multiple variables (b).

• Predicted the fundamental niche of lodgepole pine for 
the current and future climate in western North 
America using local and optimal provenances. 

Figure 4. The geographic distribution of fundamental niche and potential 
growth performance of lodgepole pine predicted with the final universal 
response function (fURF) for future period 2050s with climate change 
scenarios RCP 4.5, using local populations (a) and optimal populations 
(b). Differences in 20-year height between these future projections and 
the current are shown in c,d respectively.
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Introduction
• Predicted realized climate niches (based on species 

occurrence) have been widely used to develop 
forest adaptive strategies, including assisted 
migration. However, the fundamental niche1 of a 
species with predicted growth potential is more 
useful for assisted migration at both the species 
and population levels. 

• The fundamental niche of a species can be 
potentially predicted using a universal response 
function (URF)2 or universal transfer function 
(UTF)3 built based on provenance trials. The 
differences and connections between the two 
models have never been examined due to the 
limited data availability. One of the most 
comprehensive provenance tests for lodgepole 
pine in BC provides us with such a possibility.

Materials and Methods
• Observations of 20-year tree height from the 

Illingworth lodgepole pine provenance test were 
used in this study. There were 140 provenances 
from its entire range and tested at 60 test sites in BC 
and Yukon. 

• We built univariate and multivariate models using 
both linear and linear mixed-effect forms for URFs 
and UTFs based on the 20-year tree height and the 
climate variables from ClimateNA4. An optimal 
model was built base on our comparisons.

Objectives
• Compare the difference between the universal 

transfer function and the universal response 
function.

• Evaluate the contribution of random effects to 
prediction accuracy at various sample sizes.

• Develop a final model based on our comparisons 
and predict the fundamental niche of lodgepole 
pine in western North America.
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