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Project purpose and management implications 
Climate change will have profound effects on the flora and fauna of British Columbia (Austin et al. 2008; 
Bunnell et al. 2005, 2009; Hamann and Wang 2006; Hebda 1997).  This project anticipates those effects 
and describes them well enough that forestry and other land uses can respond and potentially mitigate 
and adapt to them. It builds on existing work (e.g., ibid., www.pacificclimate.org/impacts/rbcmuseum/) by 
improving our ability to project both vegetation and vertebrate response to changes in climate  and by 
describing management responses most likely to reduce impacts.   The project improves the projection of 
climate change impacts by incorporating influences of evapotranspiration and moisture stress more 
effectively into models projecting responses of plant communities (e.g., BEC variants), wetlands and 
associated animals.  Broadly, the concept is to calibrate attributes such as vegetation structure, 
distribution of modern wetlands and vertebrate species with moisture balance and other climate data.  
Those patterns are then projected into future using climate model data.  Plant community structure rather 
than composition is the focus (e.g. vegetation form, such as willow thickets, grasslands and broad forest 
types).  Greater confidence can be developed around changes in vegetation form (such as the proportion 
of deciduous to coniferous species) than for each of the many species comprising the vegetation.  The 
broader impacts on biodiversity are evaluated by statistically relating species to community structure of 
existing BEC variants or wetland types.  
 
The project addresses two major forest management issues: 1) how are the broad patterns of community 
structure likely to change and how should silvicultural planning and practice respond, and 2) how is the 
capacity of the environment to sustain biodiversity likely to change and how should management 
practices respond.  This latter issue is of direct interest to First Nations.  Both issues have clear influences 
on responses by government ministries other than Forests.  Map-based projections reveal the spatial 
occurrence of projected impacts.  The magnitude, rate and location of change will help guide the choice 
and location of proactive measures to help sustain biodiversity. 
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Project start date  
April 2008 
 
Length of project  
Three years, through March 31, 2011 
 
Related projects: 
We receive data from two FSP projects led by D. Spittlehouse (F090115 and F090116). T. Wang 
provides updated climate scenarios from ClimateBC V3.2 which received a portion of its funding from 
FSP. We benefit from data on wetlands and waterfowl provided by CWS through a Contribution 
Agreement with UBC. 
 
Methodology overview 
Relationships of vertebrates to recent climate (1960s-1990s) and projected climate change (2020, 2050) 
currently are estimated in two ways: 1) relationship of vertebrate distributions to climate variables (1960s 
to 1990s) and 2) projecting new vertebrate distributions resulting from changes in habitat projected by 
climate change (through 2050). Year 1 focused on establishing working models to project climate 
influences on vertebrate distribution and vegetation structure, particularly wetlands. Years 2 and 3 will 
extend those models, project future distributions using climate model output data, and develop 
recommendations.  

 
Climate Data: There are two broad goals: 1) create maps with particular focus on intensity and length of 
the summer dry season, 2) attempt to create an index of replenishment of water in wetlands.  
Comprehensive past and present climate data for many variables at a range of geographic scales are 
available from PCIC and Climate BC (e.g., Wang et al. 2006), as are projected values from global climate 
models (GCM’s) and regional climate models.  Discussion of the ‘final’ form of projection is still underway 
with partners.  Currently, after discussion with Spittlehouse (BC MoF&R) we chose to extract and 
manipulate historical climate data into formats suitable for the required analyses.  Simple variables (e.g., 
Tmin, Tmax, monthly and annual) and the ratio of May to September temperature to precipitation as an 
index of potential evaporation was used – acknowledging Hamann and Wang’s (2006) observations 
about high correlation of derived variables to underlying variables and the challenges of extracting 
derived variables from climate models.  However, Spitllehouse has recently made available a modification 
of Hargreaves & Samani (1982) and other climate parameters, and currently is refining that work.   We 
also have acquired CGCM3 scenario data from T. Wang of the Gene Conservation Centre.  How effects 
of moisture stress will be incorporated is not yet finalized and we likely will explore several and attempt 
validation against historical data.  The replenishment index is proving a greater challenge because it is 
rarely clear where all the water entering a wetland originates.  That challenge presently is under 
discussion with PCIC. 
 
Climate and organisms:  To establish relationships, the vertebrate, vegetation and climate data sets must 
be acquired, modified and interrelated.  Much of that was completed in Year 1, though we expect on-
going input from partners on selecting appropriate indices of potential evapotranspiration and from the 
Biodiversity Centre for Wildlife Studies on organism relations.  Relating organism distribution and 
response to climate change assumes that current natural history attributes and historical patterns can be 
used to project future consequences. We first assess the link between historical range patterns in 
selected vertebrates with climatic variables (primarily temperature). Data quality and coverage vary 
geographically, but provide useful estimates.  There are two broad issues in defining changes with 
climate trends: methods of trend analysis and time scale (short records may be strongly linked to short 
term, atypical trends).  Climate parameters vary greatly on an inter-annual basis relative to potential 
trends, and exhibit autocorrelation. The direction and magnitude of trends varies with the length and 
timing of record.  These features require a flexible regression technique – can follow varying trends – but 
not so flexible that it follows each short-term fluctuation.  We use locally-weighted sums of squares 
(lowess) regression which meets these criteria and allows the user to specify how flexible the fitted curve 
should be (e.g., Quackenbush 2002). Confidence intervals on resulting trend estimates can be 



established by bootstrapping.  In terms of scale, climate data show trends on many time scales, reflecting 
the variety of factors influencing climate.  Current trends might be the most reliable predictor of future 
trends, but it is inherently difficult to estimate these for tails of distributions (e.g., first arrivals, last 
departures).  We estimate trends over an interval, beginning with the 1960s when changes in both climate 
and organism response became pronounced.  For British Columbia, the 1960s were a period of minimum 
values for many temperature related variables, and for the ENSO index, but that effect can be removed. 

 
Organism data also are historical representing patterns in time and space.  The ‘sampling’ thus lacks 
design and is subject to many factors inherent in data collection by scientists and naturalists.  Variation in 
observation effort can be corrected in two ways.  First, assign only 1 record to represent presence of a 
species in a given area on a given date, irrespective of the number of individuals that were observed 
(avoids bias resulting from extensive or long-term study in any particular area).  Second, correct for effort 
using rarefaction techniques (per Preston 2005; refined by Bunnell et al. 2005).  Range expansion is 
detected in two ways: occupation of new NTS grid cells, and change in relative density through space 
with time.  Both forms of change can be evaluated statistically.  Our primary interest is northward 
expansion although our tests will evaluate shifts in any direction.  NTS cells span 15 minutes of latitude, 
so the province can be broken into latitudinal belts of 15 minutes each.  Tests of spatial occupancy 
examine changes between decades (1960s and 1990s) in numbers of occupied cells within 15-minute 
belts.  Tests of relative density use effort-corrected density of observations within these same 15-minute 
belts.  Because the distribution of either occupancy or relative density over latitude can assume a variety 
of distributions we use non-parametric Kolmogorov-Smirnov tests.  Although we anticipate northward 
expansion, all statistical tests will be two-tailed.  Tests of changes in clutch initiation will be simple t-tests 
of quantiles between the two decades, stratified by Ecoprovince or other geographic unit.  Most results to 
date are summarized in Bunnell et al. (2009a). 

 
Having established relations between climate and organisms with an associated measure of uncertainty 
we then apply those relations to projected vegetation structure.  Organism responses to vegetation 
structure are frequently well documented (e.g., Bunnell et al, 1999; Vernier and Bunnell 2007; Bunnell et 
al. 2009b).   

 
Vegetation-climate: Habitat will be represented by simple vegetation structure or physiognomy; e.g., 
conifer, mixedwood and hardwood forest, shrub, herb) as derived by a classification of biogeoclimatic 
variants, cross checked against BC Ministry of Forest and Range regional Field Guides for Site 
Identification and Interpretation and ecoplot data.  W. Mackenzie of MOF&R has agreed to provide 
wetland plot data. Current structural types will be linked to climate variables using appropriate down-
scaled climate data (see Hamann and Wang 2006, Climate BC). Moisture balance models are being 
evaluated in discussion with D. Spittlehouse of BC MoF&R and K. Bennett of PCIC and applied to 
develop a climate proxy (envelope) for vegetation structure (see Stephenson 1990, Hinzman et al. 2005). 
In addition to the summer heat moisture deficit values, moisture balance data from the VIC model 
developed for the Fraser Basin for BC Hydro at PCIC (by K. Bennett) will be tested.  Parts of the Fraser 
Basin are of particular interest because they have considerable historical bird data.  We will continue to 
consider a simple Thornthwaite Moisture Balance Model (TMBM) which is suitable because ways for 
accounting for derived variables such as cloudiness are available (Murdock et al. 2001) and soil moisture 
storage in TMBM could be inferred from terrain maps.  Modern TMBM (or other) will be calculated and 
tested statistically against independent data, then using projected future climate, applied to derive the 
pattern of vegetation structure for 2020 and 2050 (cf. Royal BC Museum models 
(http://www.pacificclimate.org/impacts/rbcmuseum/).  Methods for projecting moisture and a wetland 
basin ‘replenishment’ index’ are evolving and are key to the proposed wetland vulnerability index for 
wetlands (and species).                

 
Integration:  Using models of vertebrate occurrence with respect to vegetative structure and to climate, 
we will project future distribution and abundance of vertebrates via GIS in maps at appropriate scale (cf. 
http://www.pacificclimate.org/impacts/rbcmuseum/).  Results from simple species bio-climate envelopes 
and vegetation structure approaches will be compared.  Recognizing the complexity of species-climate 
interactions and the complexity of vegetation response to climate, recommendations will be made 



concerning landscape scale forest management in terms of anticipated shifts in vegetation structure, and 
for vertebrate biodiversity.  
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Project scope and regional applicability: 
The means of projection apply province-wide and for some projections have been applied province wide.  
Calibration against strong data bases, however, is regionally limited.  Currently, wetlands are best 
calibrated for the Central Interior Ecoprovince.  Relations of vertebrates to plant community structure are 
best calibrated from northeastern BC.  We expect to strengthen and expand the scope of calibration in 
2009/10. 
 
 
Interim conclusions and information immediately useful to forest practitioners and other 
researchers: 
Because we have not yet finalized the approach to moisture stress or evaporation and are finding 
creation of an index of replenishment challenging, specific conclusions are interim.  It is clear however 
that: 

• Increasing moisture stress will play a strong role in future forest practices (including species 
choice) 

• Wetlands already are experiencing differential stress and some are almost certain to disappear 
by 2050. 

• There will be associated economic shifts (e.g., hardwoods are likely to increase in boreal forest 
suggesting different milling opportunities. 

 
These predictions will be more useful when we can specify locations more accurately and the rate of 
change more precisely. 
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