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Introduction 

Wetlands are one of the richest habitats in terms of sustaining biodiversity.  Wetlands also are one of the 

most susceptible habitats to climate change.  This report summarizes progress on developing a means of 

projecting the relative vulnerability of wetlands to climate change.  It summarizes relevant background, the 

structure of the model or bookkeeping tool used to project consequences of climate change and illustrates 

findings to date.   

 

Background 

British Columbia is experiencing similar climate warming trends as have been documented globally (IPCC 

2007) and in western Canada (Mote 2003; Taylor 2005).  Many bird species in the province already have 

altered their arrival times inland, their duration inland, the northward extension of their range and 

shifted their relative abundance northward (Bunnell and Squires 2005; Bunnell et al. 2005; Bunnell et al. 

2009).   Current trends are expected to continue into the future under most climate change scenarios 

(Taylor 2005; IPCC 2007; Bunnell et al. 2009). 

 

The lakes and wetlands of the Central Interior Ecoprovince(CIE) of British Columbia are known to 

provide important habitat that support a substantial number of many waterfowl species (Breault et al. 

2007).  The smallest of these wetlands and lakes in the region have been found to be the most 

productive for waterfowl (CWS unpublished data).   

 

Small, shallow wetlands and lakes can be expected to be highly vulnerable to drying trends, particularly 

if shallow.  Warming trends have been observed in the CIE and are anticipated to continue (Dawson et 

al. 2008).   Those trends are cause for concern for the waterfowl populations that depend on these 

wetlands. 

 

To better understand the potential impacts of climate change on small wetlands and lakes in the central 

interior of British Columbia, we provide a preliminary review of climate trends associated with wetlands 

in the region.  This assessment was facilitated by the availability of ClimateBC software that can 

downscale available historical and future global circulation model (GCM) data and generate a range of 

climate variables for application at a regional or sub-regional scales (Wang et al. 2006).   

 

After review with project partners, two climate variables were selected for this preliminary study: 

annual precipitation as snow (PAS) and summer heat-moisture index (SHM).  These variables were 

chosen from available variables because they were expected to have the greatest effect on the water 

balance of wetlands in the study area.  PAS was expected to provide a primary water source (input) for 

wetlands, while SHM was expected to provide an indication of drying trends (output) for wetlands.  
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Model structure 

Parameters for the model or bookkeeping device are derived from the Central Interior Ecoprovince.  

Here we note major parameters of the model, their current state of development and ways they can be 

refined. 

 

Components of the model are simple: 

1) An underlying 16-ha grid that acts as the data framework. 

2) Projected climate for cells within the grid. 

3) Indices derived from projected climate variables that are intended to represent any drying trends. 

4) Lake and wetland data, also related to the underlying grid. 

5) A rank of the waterfowl habitat. 

6) An index of relative risk of drying derived from current and projected climate variables. 

 

Most of these can be improved.  Below we describe their current state and anticipated steps for 

improvement.   

 

Underlying grid:  The 16-ha grid  is based on the available grid used by Hamann and Wang (2006).  It is 

somewhat arbitrary, but it is unlikely that using a finer grid size (increasing precision) would yield additional 

accuracy given the limitations of the PRISM data and GCM models.  Further, increasing precision requires a 

corresponding increase in the size of the database, which should be avoided if unnecessary.   

 

An alternative model based on generating centroid coordinates for wetlands could be used, but this would 

be problematic for large wetlands, and does not allow simple  generation of climate predictions for the 

surrounding landscape (which may prove necessary for a ‘replenishment index’) 

 

Projected climate:   Currently the model employs Climate BC 
2
 software to downscale climate variables to 

the centroids of grid cells.    ClimateBC extracts and downscales PRISM historical monthly data (Daly et al. 

2002) and downscales and integrates future climate datasets (2020s, 2050s and 2080s) generated by 

various global circulation models (Wang et al. 2006).  The model calculates seasonal and annual climate 

variables for specific locations based on latitude, longitude and elevation for British Columbia.  Climate 

variables were generated for latitude, longitude and elevation at centroids of the16-ha grid generated 

for the CIE study area. 

 

Selected climate variables (drying indices below) were projected for a baseline, ‘climate normal’ period 

(1960-1990), using downscaled PRISM data, and for two future scenario’s representing differing levels of 

future global CO2 production.   Future scenarios selected for projection were the International Panel on 

Climate Change (IPCC) ‘A2’ scenario, representing continued economic growth with limited global 

coordination or cooperation and the ‘B1’ scenario, representing coordinated global efforts towards a 

non-carbon intensive economy (IPCC 2007).  Of all IPCC scenarios, these represent the largest (A2) and 

lowest (B1) future CO2 production and climate change outcomes (IPCC 2007). 

 

A2 and B1 scenario data were available from ClimateBC for three time periods: 2020 (representing the 

period 2010-2039), 2050 (representing 2040-2069) and 2080 (representing 2070-2099).  Projections 

used in this project were downscaled by ClimateBC from Coupled Global Circulation Model 3 (CGCM3) 

output, one of a suite of models used for IPCC (2007) scenario projections.  The CGCM3 model was 

developed, and is run,  by the Canadian Centre for Climate Modelling and Analysis (Flato 2005). 

                                                             
2 http://www.genetics.forestry.ubc.ca/cfcg/climate-models.html 
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There are alternative models to CGCM3 for projecting climate.   For example, HadCM3, developed by the  

Hadley Center for Climate Change and Research in the UK was used to provide data for the IPCC 2007 

assessment [ No. 18].  HadGEM2 will be used in the next IPCC assessment.  The Hadley Center models 

provide a more extreme case of a warm, dry potential future.  Their inclusion among scenarios would 

allow us to evaluate consequences or more extreme projected evapotranspiration and wetland 

vulnerability.  Similarly, some PCIC work currently uses ECHAM5, the 5th generation of the ECHAM 

general circulation model developed at the Max Planck Institute for Meteorology.   There is no need to 

modify the approach to projecting climate now.  It is important to determine the reasons for PCIC’s 

selection of ECHAM5, Hadley Center models.  Federal contributions to the project will likely encourage 

retention of the approach using CGCM3, unless ECHAM5 proves markedly superior. 

 

Ideally, we would evaluate other GCMs.  There are known trade-offs among models (e.g., CGCM tends 

to be a bit warmer and wetter than other models for BC).  Currently ECHAM4 is in ClimateBC, but not 

ECHAM5.  However, choosing a model without some clear means of calibration or effective comparison 

is not helpful.  Consideration of various projection tools, should be cooperative with PCIC.  

 

Drying indices:  The drying index was based on two variables  generated from ClimateBC: annual 

precipitation as snow (PAS) and summer heat/moisture index (SHM).  SHM is generated by ClimateBC 

as: 

  

(mean warmest month temperature (°C))/(mean annual summer (May to Sept.) precipitation 

(mm)/1000).   

 

SHM is a derived variable, generated as a proxy for humidity (Tuhkanen 1980). 

 

This is intended to be specific to wetland classes and, through habitat ranking, to individual species of 

waterfowl and other waterbirds.   Debate on the best drying index will continue and there are both 

competing indices and alternative regional models, such as those being developed for the Fraser and 

Columbia Basins.  Regional Climate Models take into account local conditions such as topography and 

vegetation cover to produce more detailed climate projections for a specific region.  The most obvious 

approach is to calibrate each against historical data – they cannot be calibrated against projected data (see 

discussion of calibration below).  The simplest approach is to compare differences between the 1960s and 

1990s among projection techniques and validate against known wetland features from the 1960s and 

1990s.  If the appropriate variables can be derived  through calibration of projected versus realized 

outcomes, the drying index is credible and model is a more powerful tool.  Note that ‘replenishment’ is not 

yet included in the model – so that precipitation as snow is currently part of the drying index.   

 

A major challenge to calibrating the drying index is that water typically is leaving and entering 

simultaneously.  An initial, but incomplete, step in reducing the confounding is to calibrate the drying 

index for wetlands  in enclosed basins that are isolated from riverine systems, so are dependent solely 

on ground water (whether or snowpack origin or otherwise).  Their water levels are then more directly 

linked to evapotranspiration.  That can be initiated using the BC Fresh Water Atlas (1:20,000) which 

should reveal wetland connections to streams and their associated tributaries and thus documenting the 

degree of isolation.  The calibration for isolated wetlands would then focus on comparisons between the 

1960’s and 1990’s (aerial photographs and bird surveys).  That is, the calibration would be based on 

recorded, not projected, climate and is intended to provide confidence or error rates to projection. 
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Classification of lakes and wetlands:  Lake and wetland spatial data were derived from British Columbia 

Corporate Watershed Base (CWB) data.
3
  Several simplifying rules were employed to represent wetland 

and lake data in the 16-ha grid.  For example, wetlands that were contiguous with lakes were removed, 

based on discussion with the CWS partner (A. Breault pers. comm.) and remaining contiguous polygons 

were merged together.  For this study, only wetlands and lakes 10ha or smaller were considered.  For 

simplicity, the combined small lake and wetlands are referred to as wetlands.   Climate and index data 

from the 16-ha grid were overlaid with wetland polygons and values were assigned to wetland polygons 

using the same ‘biggest wins’ rule described below for assigning habitat ranking. 

 
To make the tool useful it must be calibrated.  Before any attempt at calibration, the current rules for 

relating wetlands to the underlying grid should be re-evaluated.  Ideally, the model should be calibrated 

for its ability to project:  1) water levels in wetlands (and possibly smaller lakes), 2) consequences to key 

vegetative species (e.g., Typha latifolia, Carex aquatilis, Schoenoplectus acutus), and 3) any differential 

effects on waterfowl.   

 

Calibration depends on historical data, not projected , data.  The simplest approach is to compare data 

from the 1960s and the 1990s.  The wetlands will need to be stratified for a variety of reasons (e.g., 

area, depth, ‘replenishment’ index).  Within strata, 5 elements are key: 

• 1960s and 1990s climate data (can be downscaled) 

• aerial photographs of selected wetlands from which area, and possibly vegetation, can be  

 extracted (likely retrievable) 

• depth – ideally bathymetry  (availability unclear) 

• vegetation surveys (likely retrievable) 

• waterfowl (ideally waterbird) surveys (retrievable) 

 

Derived strata  have to account for disturbance in the watershed, or use pristine watersheds.  Major 

changes can occur from disturbances ,such as in hydrochemistry and sediments load  that  can have large 

effects on wetland type 

 

Habitat ranking:  Different waterfowl show differential preferences for different types and sizes of 

wetlands.  Ignoring differential rates of ‘replenishment’ more shallow wetlands are more vulnerable to 

drying effects of wetlands than are deeper wetlands.   To date, this feature has been incorporated only 

superficially.  The DUC and CWS data should permit a much more credible, data-based ranking. Canada 

Land Inventory (CLI) waterfowl habitat ranking data were provided by the CWS partner for the study 

area.  CLI spatial data were merged with the wetland data layer based on a ‘biggest wins’ rule: where 

more than one CLI class polygon intersected with a wetland, the CLI class for the largest intersecting 

polygon was assigned to the wetland polygon.  Current ranking of habitat does not fully exploit available 

data.  That ranking is necessarily dependent on the classification of wetlands above and should inform that 

classification.  An obvious initial step is to determine the degree to which DUC and CWS already have 

classified  waterfowl responses to wetlands.  A further step is to determine the reliability with which other 

waterbirds can be assigned those wetland classes. 

 

Including other waterbirds broadens the application of relationships defining vulnerability of wetlands 

to a much broader portion of biodiversity than simply waterfowl.  When species other than waterfowl 

                                                             
3 http://www.ilmb.gov.bc.ca/bmgs/products/mapdata/corporate_watershed_base_products.htm 
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that rely on wetlands are included, the type of wetland (e.g., bog, fen, marsh, swamp, estuary) becomes 

more important.   Both depth and type of wetland will influence the relative vulnerability of wetlands to 

climate change.  Thus being able to assign species to wetland type is an important step in developing an 

approach to assessing the relative vulnerability of different species of waterfowl and other wetland 

associates.   Data from the Biodiversity Centre will facilitate assigning species to wetland types in a 

credible fashion 

 

Habitat vulnerability:  Model output is intended to be a ranking of wetland classes in terms of their 

vulnerability to climate change.  Currently, the vulnerability index is created by normalizing PAS and SHM 

data on a 0 – 1 scale (PAS was normalized on an inverse scale, because high PAS values lower the 

vulnerability).  The average normalized value (PAS + SHM/2) represents a qualitative index of 

vulnerability.  Before normalizing, PAS data were log-transformed because limited amounts of very high 

snow levels (primarily in high elevation areas) resulted in a highly skewed distribution of PAS data. 

 

Next steps include calibrating the factors contributing to drying (see above), and evaluating the form of 

the vulnerability index (likely as a Turing test).  Specifically, it is likely that the two derived climate 

variables should be combined multiplicatively instead of additively.  Extreme values of either one should 

influence vulnerability. 

 

Refining a variable – habitat replenishment 

The current vulnerability index combines water output from wetlands (summer heat/moisture index) 

with water input or replenishment as indexed by annual precipitation as snow.   Replenishment should 

be treated more explicitly to rank habitats in terms of their vulnerability.  That ranking should reflect 

changing rates of water input reflecting the relative reliance of wetlands on snowpacks, rivers and 

ground water.  There are three inter-related sources of water to wetlands: 

 

Snowpack:  Snowpack  contributes water to wetlands in most of the province.  Changes in climate will 

alter both the amount of snow pack and the timing of release of water from the snowpack (through 

changing melt rates and increasing rain on snow events).  The degree to which a wetland can store 

water from melting snow depends upon its depth profile, connectedness of streams and the character 

of its bottom (‘sealed’ or not).  Adjacent topography and the size of the contributing watershed basin 

influence amounts reaching the wetland.  A clear example of the impact of adjacent topography is 

apparent in projections to date (Figure 1).  Some wetland clusters experiencing a high drying index are 

doing fine – they also are surrounded by mountains with ample snowpack.  The Fresh Water Atlas 

permits a coarse evaluation of the contribution of adjacent topography (aspect, elevation) to snowpack 

and stratification of classes for evaluation of this source of replenishment (through a form of 

neighbourhood modeling of aspect and elevation).  

 

Rivers and streams:  Some wetlands are closely connected to rivers and streams.  A portion of the water 

reaching wetlands through rivers and streams originates in snowpack, but some has its origin as rain. 

 

Ground water and overland flow during heavy rain events:  Whether it originates as snowpack or rain 

some water entering wetlands enters as ground water – invisibly.  This may prove the least tractable 

source of water to  index.  Broadly, it is an issue of rate of influx versus the rate of loss and is strongly 

dependent on evapotranspiration and the character of the precipitation events (intense or gradual).  

Underlying surficial materials are influential in determining whether it is perched ordeep subsurface 

flow. 
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The degree to which a wetland retains this flow may be further influenced by the degree to which its 

bottom is sealed.  

 

Preliminary results 

In total, 131,866 small wetlands (10 ha or smaller) representing 145,756 ha in total area were found in 

the study area.  Climate results for these wetlands were summarized for four size classes of the small 

wetlands because climate impacts are expected to vary with wetland size as well as depth.  A substantial 

majority (70.7%) of wetlands were found in the smallest size class (o to 1 ha), though this accounts for 

only 22.9% of wetland area in the study area.  Conversely, the largest two size classes (2 to 5 and 5 to 10 

ha) account for more than half of wetland area (59.4%) in only 15.5% of wetlands found in the study 

area. 

 

Broadly, the climate risk index increased substantially for portions of the landscape under both A2 and 

B1 scenarios (Figure 1, primarily in areas of low elevation in the study area.  The area of highest 

vulnerability (intense red) in the western edge of the study area is Anahim Lake.   Cursory review of early 

and recent surveys suggest this area has not been greatly impacted in the period 1960 to 1990.  We 

interpret that as a reflection of the nature of replenishment – the area is surrounded by mountains with 

substantial snow pack.  That observation indicates the need to both calibrate drying indices and refine 

replenishment indices. 

 

Summary  

We have developed a working model to project relative vulnerability of what appears to be the broad 

habitat type most susceptible to impacts of climate.   The model creates projections for the study area.  

It also has weaknesses.  These were noted and the steps anticipated to lead to improvement were 

noted. 
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Figure 1. Climate vulnerability maps for wetlands (10 ha or smaller) for climate scenarios A2 and B1.  Wetlands have a 250m 

buffer to allow visualization of results. 
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