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• Working with Mike Hutchinson, Australian National University, several 
Environment Canada staff and others including some AAFC staff
• Point estimates and grids for many variables and time steps
• Here: a bit on methods, the web site, error assessments, interpolated climate 
change scenarios
• Should also review Tech note for a quick summary at: 
http://www.glfc.forestry.ca/VLF/landscape/108Customized_spatial_climate_models_E.pdf



ANUSPLIN

• M.F. Hutchinson at the Australian National University

• FORTRAN program for application of multi-dimensional thin-
plate splines (don’t confuse thin plate smoothing splines with 
cubic polynomials, much more complicated mathematics!)

• Most applications routinely incorporate a spatially and 
temporally varying dependence on elevation 

• Minimize General Cross Validation Statistic (GCV) – a form of 
bootstrapping

• Diagnostics help to identify data errors (eg high residuals, 
signal, etc) and there are always data issues!

• Numerous applications independent of Hutchinson
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Thinking about thin plate splines
• The problem is 
estimation away from 
weather stations, the 
“zn” here

• “non-parametric”
curve-fitting where 
each data point is 
implicitly withheld 
(applied in multi-
dimensional space)

• Exact interpolation
is trivial and will result
in inappropriate 
gradients between 
stations (and also 
assumes no errors in 
station data!)

•Many journal articles 
available



We have a web 
page that 
dynamically links to 
some 60,000 map 
layers; can view, 
zoom and query 
online. Most models 
are NA-wide.



Currently finishing a web application that will allow users to generate a wide 
range of estimates for their locations (includes our climate change models); 
Users can also request customized grids and estimates for point locations
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Uncertainty, Accuracy Assessments and Model 
Comparisons – more then meets the eye but critical!



Summarizing MAE and 
ME values for withheld 
data tests from monthly 
historical models (1901-
near present)

- ~100/year withheld prior to 
1950 and 200 after

-Temperature estimates 
within measurement errors; 
precipitation +/-10-20%; 
precipitation at any time 
step is a more challenging 
phenomenon to model then 
temperature



Variation in the predictive accuracy of ANUSPLIN pr ecipitation 
surfaces in relation to the number of stations used  to generate the 
surfaces for Eastern Canada (an asymptote due to me asurement 
errors, network deficiencies and model limitations – raises the 
question of how bad is good enough?)  
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Distribution of monthly mean total precipitation, 
July – GIDS (an alternative interpolation approach)

(note more extreme results (red, blue) in some area s – not easily 
evident in diagnostics, more noticeable when mappin g results)
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Distribution of monthly mean total 
precipitation, July – ANUSPLIN

(ANUSPLIN does not generally produce the extreme va lues 
seen in the previous slide)



• Overcomes problems of discontinuities 
in change between adjacent sites in 
different grid boxes

� ���
• introduces a false geographical 

precision to the estimates
� ����� ���	
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• Sophisticated methods may also infer a 

false sense of precision to future 
change estimates – GCMs do not come 
with error estimates, nor do they agree 
with each other 

• Method of downscaling should depend 
on needs!

Climate Change: A relatively simple approach to 
downscaling is interpolation of grid box outputs

11The Canadian Climate Impacts Scenarios (CCIS) Project is funded by the 
Climate Change Action Fund and provides climate change scenarios and related 

information to the VIA community in Canada



Generated using 4 GCMs from 
IPCC’s 3 rd Assessment: 

• CGCM2
• HadCM3 
• CSIROMk2 
• NCAR PCM

For 2  scenarios:
• A2 
• B2

Generated using 4 GCMs from the 
4th Assessment (providing these 
to Linda Joyce, USFS and will 
work with her writing some of this 
up): 

• CGCM3.1MR 
• MIROC3.2MR 
• CSIRO-Mk3.5
• NCARCCSM3.0

For 3 scenarios:
• A1B 
• A2
• B1

Mean Annual Temperature

(2071-2100)

- Numerous monthly, annual, 
average variables generated

Climate Change models



Concluding points

• Many models completed for all of North America (from historical 
monthly, daily, monthly means, specific GCM scenarios); models 
being widely used already…customized point estimates or grids 
are available; see  Technical report.

• Validation tests seem consistent with diagnostics and are indicative 
of generally robust, good quality models (always some 
improvements possible but often require significantly more effort 
and beg the question of how good is good enough?)

• Many of our bioeconomic models have made use of these climate 
models – they have created a much stronger biophysical 
foundation for our policy-related efforts


