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Executive Summary 
 

The PCIC Regional Analysis Tool (RAT) is a web-based tool designed to analyse and 
display climate model results (GCM, RCM) and historical climate data (Figure 1). It is designed 
for knowledgeable stakeholders and researchers. The tool allows for visualization of data on 
maps and facilitates easy comparison between monthly, seasonal, and annual results. Features 
include averaging over pre-defined or custom regions, creating maps, meta-data summaries, 
plots, and downloading data.  

The Regional Analysis Tool was modified to display the gridded data generated from 
ClimateBC, ClimatePP and ClimateWNA - stand-alone software that interpolates climate change 
data as well as historical data. Gridded temperature and precipitation data were generated for the 
1961-1990 and 1971-2000 normals period and for monthly historical data of the last century for 
BC. Temperature and precipitation data at 1 km resolution covering Western Canada computed 
from ClimatePP are available. The 2050s time period has been added over the entire Western 
Canada domain for four different global climate models (GCMs) and two emissions scenarios 
(A2 and B1).  

Another area of investigation involves improving interpolation schemes for bringing GCMs 
down from ~2.5 degree to 0.5-1 degree resolution used as a basis for further downscaling in 
ClimateBC and ClimateWNA. Several approaches have been investigated and coastal and 
orographic correction procedures have been developed. 

Validation on the 400m ClimateBC monthly annual data over BC is underway locations 
using Environment Canada stations and snowpillow/fire weather stations. This allows 
comparison of effectiveness of the model at reproducing its creation and effectiveness outside of 
its range of inputs.  

Preliminary assessment has started of the TreeGEN model for creating time series of monthly 
temperature and precipitation data for selected climate change scenarios. These data will 
facilitate evaluation of interannual variability in the weather rather than just considering period 
average climates. TreeGEN runs in R and incorporates synoptic typing in conjunction with a 
weather generator and multiple linear regressions in order to generate synthetic future daily time 
series. To date, TreeGEN has been set up and run using two projections CGCM3.  

There have been numerous extension activities. Gridded data have been used in analyses, 
reports and presentations. Projects using the data and tools include influence of climate change 
on tree species and avian habitat range and community climate impacts analyses. A paper on the 
Regional Analysis Tool was presented at the American Meteorological Society Applied 
Climatology Congress in Whistler, August 2008. Gridded data have been used to prepare maps 
of historical analog years to future periods. The intention is to give stakeholders examples that 
will help them to understand what future climate might be like and response of the resources they 
manage.
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Introduction 
Applying climate data in resource management requires matching spatial scales of climate and 

resource databases. ClimateBC (Wang et al. 2006) and the recently developed ClimatePP (Mbogga et al. 
2009) and ClimateWNA (FSP project F090116) are computer programs that do this for historic monthly 
temperature and precipitation and climate change scenarios. While the software provides highly 
customized data, many research applications only require standard gridded data. Because it is time 
consuming and inefficient for each individual researcher to generate coverages, we are providing ready-
to-use gridded data for western Canada that seamlessly integrate with equivalent databases available for 
the United States. 

The PCIC Regional Analysis Tool (RAT) is a web-based tool designed to analyse and display climate 
model results (GCM, RCM) and historical climate data (Figure 1). It is designed for knowledgeable 
stakeholders and researchers. The tool allows for visualization of data on maps and facilitates easy 
comparison between monthly, seasonal, and annual results. Features include averaging over pre-defined 
or custom regions, creating maps, meta-data summaries, plots, and downloading data. Web access is at: 
http://www.pacificclimate.org/tools/regionalanalysis/ 

 

 
Figure 1: Screen shot of PIC’s Regional Analysis Tool. 

 

This year’s project objectives were:  

• adding high resolution climate data generated from ClimateBC and ClimatePP to the data 
base for historic and future climates;  
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• improving data visualization and access; 

• investigating options for time series data; 

• improved interpolation of GCM anomaly fields; 

• validation of ClimateBC projections of historical climate. 

 

Extending online high resolution data to Western Canada 
The RAT was exclusively a source of future climate projections until spring 2008 when historical 

climate at high resolution from ClimateBC (Wang et al. 2006) was made available through the tool. The 
high resolution available was later extended using data from ClimateBC and ClimatePP (Mbogga et al. 
2009) (Figure 2) as well as historical data from a global 0.5° dataset (CRU-TS) (Mitchell and Jones 
2005).  

 

 
Figure 2:  Summer mean temperature from the Canadian Centre for Climate Modelling and Analysis 
CGCM3 climate model (run 1), driven by the SRES A2 emissions scenario, from 2040-2069 for AB, SK, 
MB, and part of BC as downscaled by ClimatePP. (The temperature scale is in Kelvin, Celcius=Kelvin-
273) 

Data described below has been prepared and is ready for launch on the RAT following beta-testing.  

Western Canada 
Temperature and precipitation data at 1km (0.5 arc-minute) resolution covering Western Canada are 

now available, computed from ClimatePP. This complements the higher resolution data (400 m) already 
available for BC and prepares for the incorporation of data directly from ClimateWNA over the coming 
year. 

Historical time periods 
Previously only the 1961-1990 climatology was available. The 1971-2000 climatology has also been 

added. In addition, the CRU-TS historical time series (0.5° resolution) has been added and available for 
both climatological periods. Individual years are available only over BC at high resolution (400m 
ClimateBC) and over the whole domain from CRU-TS. 
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Selection of scenarios 
The future time period 2040-2069 (2050s) has been added over the entire BC and Western Canada 

domain for the following five different Global Climate Models (GCMs) following different emissions 
scenarios, as indicated: CGCM3 A2 run 4, CGCM3 A2 run5, ECHAM5 B1 run 3, HADCM3 A2 run 1, 
HADGEM1 A1B run 1, MRI CGCM2.3.2a B1 run 5. 

Windowing 
At present, the user is able to select what window you want to look at by prescribing latitude 

and longitude limits to the window. An option to allow zooming in on smaller regions through 
windowing has been completed and is ready for beta-testing. 

Computation of Tmin/Tmax from Tmean 
In order to compute derived variables, separate minimum temperature (night time low) and maximum 

temperature (daytime high) is required. For many AR4 GCM projections, only mean temperature is 
available. Therefore, a method has been developed to compute Tmin and Tmax using a Multiple Linear 
Regression against Tmean, wind, incoming shortwave radiation, precipitation, and snow on ground. 
Preliminary results based on a single GCM at a single grid point shows a promising R2 value of 0.8, but 
further investigation is required on the geographical and seasonal consistency of the correlation and to 
ensure that it holds up for other GCMs. 

 

 
Figure 3: Boxplots of daily temperature by month in 1965-1985 and compared to 2065-2085 for CGCM3 
B1 run 1. 

 

Options for daily time series data 
The TreeGEN downscaling method developed by Alex Cannon 

(https://dspace.library.ubc.ca/dspace/bitstream/2429/2892/1/ubc_2009_spring_cannon_alex.pdf) has been 
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investigated for potential use in extending the monthly time series available from ClimateBC and 
ClimateWNA to a daily time series. TreeGEN runs in R and incorporates synoptic typing in conjunction 
with a weather generator and multiple linear regressions in order to generate synthetic future daily time 
series. 

To date, TreeGEN has been set up and run using two projections CGCM3 at a single site: Mica Dam. 
Next steps include automation of TreeGEN, integration with NetCDF data format for GCM projections, 
running for multiple sites, validation, and comparison to other methods. Preliminary results for one 
projection (CGCM3 B1 run 1) are shown in Figure 3 (comparison of 1965-1985 to 2065-2085 
simulation).  

 

Validation and development 
Interpolation of GCM anomaly fields 

In order to facilitate the ability for users of ClimateWNA to incorporate scenarios from multiple 
models and emissions scenarios, it would be desirable to be able to download GCM files compatible for 
use within ClimateWNA for any of the ~140 projections available at PCIC. However, ANUSPLIN is 
currently used to create the 1° anomaly fields, and it is not feasible to automate the use of ANUSPLIN on 
this number of projections. 

It was investigated whether ANUSPLIN could be replaced with bilinear interpolation for the GCM 
anomaly fields. Although less sophisticated as an interpolation scheme in general, bilinear interpolation is 
simple, efficient, and allows for the investigation of weighting schemes that might lend to improved 
interpolation of GCM anomaly fields. In particular, the following approaches have been investigated (but 
not applied to create the data referred to above): 

Coastal correction 
Bilinear interpolation is performed, but for each point in the destination grid, the surrounding four 

source grid points are weighted according to both spatial proximity to the point in the destination grid and 
similarity of land fraction. The similarity in land fraction is given 100% weight, so if three of the source 
grid points are 100% land and one is 100% ocean, and the destination grid point is 100% ocean, then the 
data for that point will be pulled entirely from the one ocean grid point. 

The equations for the land fraction weights for the upper left (ul), upper right (ur), lower left (ll), and 
lower right (lr) source grid boxes are as follows: 

( )| |dsf ff=w −∗−11  

where fs is the source grid point’s land fraction, and fd is the destination grid point’s land fraction. The 
sum of these weights (wf.sum) is then computed; if this sum is zero, then all the weights are set to 1, and 
the sum to 4. Then the interpolated value is calculated as follows: 

( )
f.sum

f.lrs.lrs.lrf.lls.lls.llf.urs.urs.urf.uls.uls.ul

w
wwv+wwv+wwv+wwv

=v
∗∗∗∗∗∗∗∗

 

 where v is the variable, ws is the spatial weight, wf is the land fraction weight, and the other  
subscripts denote which corner the weights and values are being pulled from (see above). 

Coastal + orographic correction 
Bilinear interpolation is performed, but for each point in the destination grid, the surrounding four 

source grid points are weighted according to spatial proximity to the point in the destination grid, 
similarity of land fraction, and similarity of elevation. The similarity in land fraction is given 100% 
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weight, and the similarity in elevation is given 90% weight, so spatial proximity is still given more weight 
than elevation. The equations used for computing the coastal weights are as used above. 

In order to compute the orographic correction, one must determine the range of elevations 
surrounding the destination grid point: 

 ( )| | ( )| | ( )| | ( )| |( )ds.lrds.llds.urds.uldiff oo,oo,oo,oomax=o −−−−  

where os is the source grid point’s elevation and od is the destination grid point’s elevation. If the 
difference between cells is zero, the difference is set to infinity, eliminating the effects of this correction. 
Then the weights are computed as follows: 

 
( )| |

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
∗−

diff

ds
o o

oo=w 0.91  

These weights are then multiplied by the coastal weights and summed to give wfo.sum. Finally, the 
interpolated value is computed: 

( )
fo.sum

o.lrf.lrs.lrs.lro.llf.lls.lls.llo.urf.urs.urs.uro.ulf.uls.uls.ul

w
wwwv+wwwv+wwwv+wwwv

=v
∗∗∗∗∗∗∗∗∗∗∗∗

 Adding in the orographic correction adds some texture over land; however, we have not yet determined 
whether this is spurious. We need to engage climate modelers to determine this and guide further 
development. 

 
Figure 4. Illustration of the application of  coastal correction to interpolated GCM July temperature, 
2080s for western North America. The left figure is the regular bilinear interpolation while the right hand 
figure is a weighted bilinear interpolation that considers the difference in land fraction between the GCM 
and the destination grid box.  

 

Comparison of ClimateBC predictions and measured station data 
PCIC has performed some validation on the 400 m ClimateBC data set over BC, comparing to both 

Environment Canada (CDCD raw unhomogenized daily data) stations and snowpillow / fire weather 
stations. These comparisons were done on a monthly timescale, and incorporate 1440 stations in total, 
with Environment Canada and non-Environment Canada stations separated out. This allows for 
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comparison of effectiveness of the model at reproducing its inputs faithfully and effectiveness at 
predicting values outside of its range of inputs. Examples are shown in Figurers 5 and 6. Table 1 
summarizes the result of this comparison. The correlation metric used is Spearman’s rho, which for this 
data set gives lower correlation results than Pearson’s R. We have not yet made an effort to analyze the 
statistical significance of these correlations. 

 
Table 1. Comparison of Environment Canada stations and snowpillow / fire weather stations with 
ClimateBC predictions. The third column represents the percentages of stations where correlation 
between the two time series was greater than 0.95. Likewise, the fourth column represents the percentage 
of stations where correlation between the two time series was greater than 0.99. Note that the 
precipitation results are standardized with the station mean for comparability between stations (i.e., 
errors are expressed as a fraction of mean precipitation).  

 

Var Station set %STN w/cor > 0.95 %STN w/cor > 0.99 2.5%ile bias 97.5%ile bias 50%ile bias 2.5%ile rmse 97.5%ile rmse 50%ile rmse
Tmax EC 98.55 69.89 -2.08 1.39 -0.28 0.57 2.86 1.07
Tmax Snowpillow + fire 88.62 14.15 -2.65 2.53 -0.25 0.84 3.76 1.46
Tmin EC 97.18 37.96 -3 1.73 -0.33 0.55 3.29
Tmin Snowpillow + fire 82.46 5.85 -3.11 2.3 -0.61 0.71 3.63
Prec EC 11.79 0.07 -0.21 0.43 0.01 0.19 0.71

1.24
1.6

0.34

The preliminary analysis for precipitation included October to April, which is suspect at fire weather 
stations. The analysis is being re-done with these data excluded. An initial investigation of the importance 
of this effect suggests only a 1-2% difference in the number of stations correlated. 

 

 
 

Figure 5: An example of a temperature station with Spearman’s rank correlation > 0.99 
(station 1104R02, monthly mean minimum temperature).
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Figure 6: An example of a precipitation station with median correlation (using 
Spearman’s rank correlation, cor ~ 0.85, station 112, monthly precipitation). 

 

Extension 
Projects using the data and tools include influence of climate change on tree species and 

avian habitat range and community climate impacts analyses. A paper on the Regional Analysis 
Tool was presented at the American Meteorological Society Applied Climatology Congress in 
Whistler, August 2008. It has also been illustrated as part of other climate change related 
presentations to scientists and managers. 

PCIC has begun using the data prepared for online delivery in this project including derived variables 
such as growing degree days and frost free period (Figures 7 and 8). The warming results in a substantial 
increase in the number of degree days and length of the frost free period. These data are currently only 
available by request, not dynamically online. They are being used in particular for community climate 
impacts analyses and several different community projects are to be published 2009/2010. 

Another area of where PCIC has begun using gridded data from ClimateBC is in preparing maps of 
historical analog years to future periods. The intention is to give stakeholders examples that will help 
them to understand what future climate might be like and response of the resources they manage and 
societal response. For example, Figures 9a and 9b indicate that the winter of 1997/1998 was similar to 
that projected for the mean climate in 2050’s (for one climate change scenario and GCM).  Consequently, 
management actions in response to weather in 1997/98 may become the norm by the middle of the 
century.  
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Figure 7: Growing degree days (>5 degrees C) as derived by ClimateBC; the 1961-1990 mean is on 
the left, and the CGCM3 SRES A2 run 4 2041-2070 projection is on the right. 

 

Figure 8: Frost Free Period as derived by ClimateBC over the Cariboo Chilcotin; the 1961-1990 mean 
is on the left, and the CGCM3 SRES A2 run 4 2041-2070 projection is on the right. 
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Figure 9b: CGCM3 SRES A2 run 4 winter mean 
temperature projection for 2050s. 

Figure 9a: Winter mean temperature for 
1997/1998. 
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