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Background: 
 
Climate surfaces at 0.05º resolution have been produced for much of the World’s land 
surface.  Many of these have been produced using the ANUSPLIN software 
developed by the Centre for Resource and Environmental Studies at the Australian 
National University under the direction of Dr Mike Hutchinson.  Areas with climate 
surfaces developed in this manner include: 

• Africa (Hutchinson et al. 1996a) 3-arc minute 
• Madagasca 3-arc minute 
• Australia (Hutchinson and Kesteven 1998) 3-arc minute (and well as 9 arc-

second) 
• New Zealand (1996). 
• China, Thailand, Vietnam, Laos, Cambodia and the Malay Peninsula (Zuo et 

al. 1996) – 3 arc minute 
• Indonesia (Jovanovic and Booth 1996a) 3-arc minute 
• The Philippines (Jovanovic and Booth 1996b) 3-arc minute 
• North America (McKenney 2000) 3-arc minute. There is also a 2.5 arc-minute 

coverage of the USA developed using PRISM software (Daly et al. 1994). 
• Canada (McKenny 2000, Canadian Forest Service 2003) 
• Russia – in progress 
• Guyana – 1 km resolution (Funk and Richardson 2002). 

 
It would appear that South America is one of the last great regions of the world not 
covered. Climate surface coverage for South America to date have been at a 
resolution of 10’ of latitude (Jones 1991) or greater as part of an efforts for a global 
climate surface at 10’ resolution (Hijmans 1999, New et al. 2002). These efforts 
however used limited climate data and/or are at a resolution of 10’ rather than the 3’ 
resolution proposed here. 
 
Once available, climate surfaces and grids can be used for a variety of ecological and 
other applications, including the prediction of the distribution of plant and animal 
species (Nix 1986, Busby 1991, Peterson 2001), climate change studies (Chapman 
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and Milne 1998), modelling the spread of diseases (Bryan et al. 1996, Peterson et al. 
2002), environmental monitoring (Chapman and Busby 1994), agriculture and food 
production (Nicholls 1997), water resources and hydrological studies (Arnell 1999), 
the setting of conservation priorities (Chapman and Busby 1994, Faith et al. 2001) 
and the development of ecological regionalisations (Thackway and Cresswell 1995).  
An environmental or niche model is only ever as good as the input data, and in this 
case as the environmental layers on which the models rely.  Many studies are finding 
that the environmental layers available are too broad for regional studies and in some 
cases for studies covering greater areas.  The relatively low resolution of the 
environmental layers do not allow for the discrimination of the relevant 
environmental niches and thus allow for robust models. 
 
The need for effective integration of GIS and environmental modelling is probably 
greater in the developing world than elsewhere (Booth 1996). This is particularly so in 
South America with large biologically unexplored areas subject to great 
environmental stress. The development of finer resolution surfaces for South America 
will assist in the improved modelling of these areas, and aid in their long-term 
conservation. Such surfaces will also aid in the further refinement of global climate 
surfaces, which in turn will allow for more wide-ranging studies and better 
comparisons across and between continents. 
 
Options: 
 
There are several ways climate surfaces could be built for South America.  Already 
work is underway looking at surfaces for São Paulo State in Brazil and in Brazil itself, 
but virtually nothing has been considered for South America as a whole. 
 
Climate surfaces could be built state by state, country by country until South America 
was completed. However, doing it this way, one is unlikely to develop a consistent 
coverage for the whole continent.  Surfaces would likely be at different scales, use 
different software and technologies to create them, and be of varying quality and 
consistency. 
 
ANUSPLIN (Hutchinson 2001) is a technique developed in the 1980’s and has been 
refined since.  It is a proven methodology, and one that has achieved wide acceptance 
across the world.  The cost to the user is not all that high, and most of the work can be 
done “in-house”. The advantages in using the ANUSPLIN methodology over the 
others mentioned below, is that the surfaces created would be consistent with surfaces 
in other parts of the world and it would be using a tried and proven methodology. 
 
Other surface-fitting algorithms have been used in various parts of the world and have 
produced useable surfaces.  These include GIDS (Nalder and Wein 1998) and the 
CIAT methodology of Jones (Jones et al. 1990, Jones 1995).  
 
A comparison of GIDS and ANUSPLIN by Price et al. (2000), in Canada, concluded 
“the ANUSPLIN method … proved generally superior to the GIDS method. … Both 
subjective assessment and statistical analysis showed that ANUSPLIN is generally 
more accurate in predicting climate variables at the locations of climate stations 
withheld at random from the source datasets”. They also concluded that ANUSPLIN 
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produced better smoothing and better gradients at high elevations and where climate 
station coverage was poor.  
 
The CIAT method uses a simple interpolation algorithm based on the inverse square 
of the distance between the station and the interpolated point of the nearest five 
stations (CIAT ndat.). The method has the advantage of speed and ease of use for 
large data sets where there is limited computational capacity (Booth and Jones 1996). 
Booth and Jones suggest that “more complex interpolation algorithms (e.g. Laplacian 
splines) are better interpolators, but need more computing power”. They go on to say 
that “the major difference between the techniques used by CIAT (Jones et al 1990) 
and CRES (Hutchinson 1989) is that the CIAT method uses a standard lapse rate 
applied over the whole dataset; the CRES method uses a 3-dimensional spline 
algorithm to determine a local lapse rate from the data”. They conclude that 
ANUSPLIN provides a powerful set of programs for climatic analysis.  
 
Data Requirements: 
 
DEM 
A good digital elevation model (DEM) is a prerequisite for most climatic interpolation 
studies (Booth and Jones 1996). A few years ago the USGS developed a DEM 
covering all the earth’s land masses at 30-arc second (approx. 1 km) resolution 
(Verdon and Jenson 1996). These are now available for down-load from the internet 
free of charge (NGDC 2000). The availability of a DEM at this resolution makes the 
preparation of climate surfaces at the proposed scale possible, given the requisite 
meteorological data. 
 
Advice I have received (McKenney pers. com. 2003) would indicate that there are 
some significant errors in the USGS DEM. He suggests that there is good reason to 
create a new DEM using ANUDEM (Hutchinson 1989b, 1996b, 2003) software prior 
to attempting to create surfaces. This may need to be considered. 
 
Meteorological Data 
The more meteorological data one has, the better the surface that is likely to be able to 
be produced. Two of the largest global meteorological databases are maintained by 
the Centre for Resource and Environmental Studies (CRES), Australian National 
University in Canberra, Australia and the Centro Internacional de Agricultura 
Tropical (CIAT) in Cali, Colombia (Booth and Jones 1996). There has been 
considerable exchange of data between the CRES and CIAT databases and in 1996 
they both held data for over 25,000 locations around the World (Booth and Jones 
1996).  
 
New et al. (2002) provide maps of meteorological stations around the globe that 
provide data on a range of variables such as wind speed, rainfall, diurnal temperature, 
etc. If one examines those maps, perhaps the greatest deficiencies of weather stations 
for South America are in the Cerrado and Amazonian regions of Brazil and Patagonia 
in Chile. Additional data covering these areas may be obtainable from local sources 
within those countries. If one compares the desert areas of Australia, however, where 
climate surfaces have been developed at much finer than 3-arc minutes, holes such as 
these in the coverage can be catered for using the spline software. 
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ANUSPLIN 
 
ANUSPLIN is a Fortran program for the application of multi-dimensional thin-plate 
splines using up to 10 independent variables. Most applications routinely incorporate 
spatially and temporally varying dependence on elevation. For detailed explanations 
of how ANUSPLIN works see Hutchinson (1996), Kesteven & Hutchinson (1996) 
and Hutchinson et al. (1996b). 
 
Examples are also available showing the process of creating climate surfaces using 
this method for Australia (Hutchinson and Kesteven 1998) and for Africa (Hutchinson 
et al. 1996a) and some of the problems are highlighted. 
 
Why 3-arc minutes 
 
The question may be asked as to why one would select a resolution of 3-arc minutes 
when a 30-arc second Digital Elevation Model (DEM) is available. There are several 
reasons: 

• There is a massive increase in computing power needed to prepare and use 
GRIDS at 30-arc seconds as opposed to one at 3-arc minutes 

• The accuracy of the majority of species distribution data (and especially 
historic museum and herbarium data) can generally be regarded as no better 
than about 5 km (Chapman and Busby 1994, Chapman 1998). Thus to use 
finer surfaces for species modelling could be misleading and lead to 
significant errors. 

• Most of the rest of the world’s land areas has climate surfaces at 3-arc 
minutes, and surfaces prepared for South America would help complete a 
coverage for the globe at this scale.  

 
Conclusions: 
In a study in 1999 that compared a number of methods for interpolating climate 
surfaces using Mexican data (Hartkamp, et al. 1999) the authors concluded: “Taking 
in account error prediction, data assumptions, and computational simplicity, we would 
recommend use of thin-plate smoothing splines for interpolating climate variables”. 
 
Resources: 
 
Software 
Purchase of software: R$2,500 
 
Computational 
Computer 
Cost of Climate Data 
 
Human 
Staff resources for ??? 
Cost of bringing visiting scientist from the Australian National University to Brazil 
for 3 months 
 
References: 
 



  APPENDIX:  E   

Arthur Chapman E-5 28 July 2003 
   

Arnell, N.W. (1999). A simple water balance model for the simulation of streamflow 
over a large geographic domain. J. Hydrol. 217: 314-335. 

Booth, T.H. (1996). Predicting Plant Growth: Where will it grow? How well will it 
grow? Third Conference/Workshop on Integrating GIS and Environmental 
Modeling. Santa Barbara: NCGIA, University of California. 
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-
ROM/sf_papers/booth_trevor/booth.html. 

Booth, T.H. and Jones, P.G. (1996). Climatic Databases for use in Agricultural 
Management and Researc. Proceedings of the Arendal II Workshop on 
UNEP/GRID and CGIAR cooperation to meet requirements for the use of digital 
data in agricultural management and research. Arundal, Norway 9-11 May 1995. 
http://www.grida.no/cgiar/htmls/climpres.htm  

Bryan, J.H., Foley, D.H. and Sutherst, R.W. (1996). Malaria transmission and climate 
change in Australia. Medical Journal of Australia 164: 345-347 
http://www.mja.com.au/public/issues/mar18/bryan/bryan.html.  

Busby, J.R. (1991). BIOCLIM – a bioclimatic analysis and prediction system in 
Margules, C.R. and Austin, M.P. (eds) Nature Conservation: Cost Effective 
Biological Surveys and Data Analysis. Melbourne: CSIRO. 

Canadian Forest Service (2003). Regional, National and International Climate 
Modelling. http://www.glfc.cfs.nrcan.gc.ca/landscape/climate_models_e.html  

Chapman, A.D. (1999). Quality Control and Validation of Point-Sourced 
Environmental Resource Data pp. 409-418 in Lowell, K. and Jaton, A. (eds). 
Spatial Accuracy Assessment: Land Information Uncertainty in Natural 
Resources. Chelsea, MI: Ann. Arbor Press. 

Chapman, A.D. and Busby, J.R. (1994). Linking Species Information to Climate 
Modeling for Continental Biodiversity Inventory and Monitoring pp. 177-195 in 
Miller, R.I. (ed). Mapping the Diversity of Nature. London: Chapman and Hall. 

Chapman, A.D. and Milne, D.J. (1998). The Impact of Global Warming on the 
Distribution of Selected Australian Plant and Animal Species in relation to Soils 
and Vegetation. Canberra: Environment Australia. 

CIAT (ndat.). FloraMap Users Manual. Cali, Colombia: Centro Internacional de 
Agricultura Tropical (CIAT).  

Daly, C., R.P. Neilson, and D.L. Phillips. (1994). A statistical-topographic model for 
mapping climatological precipitation over mountainous terrain. Journal of Applied 
Meteorology, 33, 140-158. 

Faith, D.P., Walker, P.A., Margules, C.R., Stein,J. and Natera,G. (2001). Practical 
application of biodiversity surrogates and percentage targets for conservation in 
Papua New Guinea. Pacific Conservation Biology 6: 289-303 
http://wwwscience.murdoch.edu.au/centres/others/pcb/toc/pcb_contents_v6.html  

Funk, V.A. and Richardson, K.S. (2002). Systematic Data in Biodiversity: Use It or 
Lose It. Syst. Bot. 51(2): 303-316. 
http://lsvl.la.asu.edu/bio470/jfouquette/FunkRichardsn.SB51(2).pdf [Accessed 26 
Nov. 2003] 

Hartman, A.D., De Beurs, K. and White, J.W. (1999). Interpolation Techniques for 
Climate Variables. NRG-GIS Series 99-01. Mexico, D.F.: CIMMYT. 
http://www.cimmyt.org/Research/nrg/pdf/NRGGIS%2099_01.pdf  [17 Oct 2003]. 

Hijmans, R.J. (1999). Global Climate Surfaces at a 10’ Resolution. Production 
Systems and Natural Resource Management Working Paper No. 3. Lima, Peru: 
International Potato Centre. 

http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-ROM/sf_papers/booth_trevor/booth.html
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-ROM/sf_papers/booth_trevor/booth.html
http://www.grida.no/cgiar/htmls/climpres.htm
http://www.mja.com.au/public/issues/mar18/bryan/bryan.html
http://www.glfc.cfs.nrcan.gc.ca/landscape/climate_models_e.html
http://wwwscience.murdoch.edu.au/centres/others/pcb/toc/pcb_contents_v6.html
http://lsvl.la.asu.edu/bio470/jfouquette/FunkRichardsn.SB51(2).pdf
http://www.cimmyt.org/Research/nrg/pdf/NRGGIS 99_01.pdf


  APPENDIX:  E   

Arthur Chapman E-6 28 July 2003 
   

http://www.cipotato.org/market/workingpapers/cip_psnrmd_wp_no3.pdf [17 Oct 
2003]. 

Hutchinson, M.F. (1989a). A new objective method for spatial interpolation of 
meteorological variables from irregular networks applied to the estimation of 
monthly mean solar radiation, temperature, rainfall and windrun. CSIRO Division 
of Water Resources Tech. Memo. 89/5, 95-104.  

Hutchinson, M.F. (1989b). A new procedure for gridding elevation and stream line 
data with automatic removal of spurious pits. Journal of Hydrology 106: 211-232. 

Hutchinson MF. (1996a). A locally adaptive approach to the interpolation of digital 
elevation models. Third Conference/Workshop on Integrating GIS and 
Environmental Modeling. Santa Barbara: NCGIA, University of California.  
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-
ROM/sf_papers/hutchinson_michael_dem/local.html. 

Hutchinson, MF. (1996b). A locally adaptive approach to the interpolation of digital 
elevation models. Third International Conference/Workshop on Intergrating GIS 
and Environmental Modeling, NCGIA, University of California, Santa Barbara. 
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-ROM/main.html

Hutchinson, M.F. (2001). ANUSPLIN Version 4.2. Canberra: Centre for Resource 
and Environmental Studies, Australian National University. 
http://cres.anu.edu.au/outputs/anusplin.html. 

Hutchinson, M.F. (2003). ANUDEM Version 4.6.3. Canberra: Australian National 
University. Centre for Environmental Studies. 
http://cres.anu.edu.au/outputs/anudem.html.  

Hutchinson, M.F., Nix, H.A., McMahon, J.P. and Ord, K.D. (1996a). The 
Development of a Topographic and Climate Database for Africa.  Third 
Conference/Workshop on Integrating GIS and Environmental Modeling. Santa 
Barbara: NCGIA, University of California. 
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-
ROM/sf_papers/hutchinson_michael_africa/africa.html. 

Hutchinson, M.F., Belbin, L., Nicholls, A.O., Nix, H.A., McMahon, J.P. and Ord, 
K.D. (1996b). Rapid Assessment of Biodiversity, Volume Two, Spatial Modelling 
Tools. The Australian BioRap Consortium, Australian National University, 142pp. 

Hutchinson, M.F. and Kesteven, J.L. (1998).  Mean Monthly Climate Surfaces for 
Australia. Canberra: Centre for Resource and Environmental Studies, Australian 
National University. http://cres.anu.edu.au/outputs/climatesurfaces/creswww.pdf. 

Jones, P.G. (1991). The CIAT Climate Database. Version 3.41. Machine readable 
dataset. Cali: CIAT. 

Jones, P.G. (1995). Centro Internacional de Agricultura (CIAT) climate database 
version 3.41, Digital data tape, Cali, Columbia: CIAT. 

Jones, P.G., Robison, D.M. and Carter, S.E. (1990). A geographical information 
approach for stratifying tropical Latin America to identify research problems and 
opportunities in natural resource management for sustainable agriculture in 
Centro Internacional de Agricultura Tropical (CIAT). Cali, Colombia: 
Agroecological Studies Unit., CIAT 

Jovanovic, T. and Booth, T.H. (1996) The development of climatic interpolation 
relationships for the Philippines in Booth, T.H. (ed.) Matching Trees and Sites, 
ACIAR Proceedings No. 63. 

Kesteven J.L. and Hutchinson M.F. (1996). Spatial modelling of climatic variables on 
a continental scale. In: Proceedings of the Third International 
Conference/Workshop on Integrating GIS and Environmental Modeling, NCGIA, 

http://www.cipotato.org/market/workingpapers/cip_psnrmd_wp_no3.pdf
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-ROM/santa_fe.html
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-ROM/santa_fe.html
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-ROM/santa_fe.html
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-ROM/main.html
http://cres.anu.edu.au/outputs/anusplin.html
http://cres.anu.edu.au/outputs/anudem.html
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-ROM/sf_papers/hutchinson_michael_africa/africa.html
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-ROM/sf_papers/hutchinson_michael_africa/africa.html
http://cres.anu.edu.au/outputs/climatesurfaces/creswww.pdf


  APPENDIX:  E   

Arthur Chapman E-7 28 July 2003 
   

Santa Barbara, California. http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-
ROM/santa_fe.html 

McKenney, D. (2000). Development of gridded climate data for Canada and North 
America using thin plate splines. Workshop: Methods and Techniques for 
Constructing Regional Climate Scenarios Centre d'études nordiques, Université 
Laval 3-5 November. 2000Sault Ste. Marie: Canadian Forest Service 
http://www.cics.uvic.ca/scenarios/pdf/workshop/mckenney.pdf.  

Nalder, I.A. and Wein, R.W. (1998). Spatial interpolation of climatic Normals: test of 
a new method in the Canadian boreal forest. Agric. For. Meteorol. 9: 211-225. 

New, M., Lister, D., Hulme, M and Makin, I. (2002). A high-resolution data set of 
surface climate over global land areas. Climate Research 21: 1-25. 

NGDC (2000). Global Land One-kilometer Base Elevation (GLOBE) Digital 
Elevation Data Version 1.0. Available on-line form: 
http://www.ngdc.noaa.gov/seg/fliers/globedem.shtml.  

Nicholls, N. (1997). Increased Australian wheat yield due to recent climate trends. 
Nature 387: 484-485. 

Nix, H.A. (1986). A biogeographic analysis of Australian elapid snakes pp. 4-5 in 
Longmore, R. (ed). Atlas of Elapid Snakes of Australia. Australian Flora and 
Fauna Series No. 7. Canberra: Australian Government Publishing Service. 

Peterson, A.T. (2001). Predicting species’ geographic distributions based on 
ecological niche modelling. Condor 103: 599-605. 

Peterson, A.T., Sanchez-Cordero, V., Beard, C.B. and Tamsay, J.M. (2002). 
Ecological niche modelling and potential reservoirs for Chagas disease, Mexico. 
Emerging Infectious Diseases 8: 662-667. 

Peterson, A.T. and Verglais, D.A. (2001). Predicting species invasions using 
ecological niche modelling. BioScience 51: 363-371. 

Price, D.T., McKenney, D.W., Nalder, I.W., Hutchinson, M.F. and Kesteven, J.L. 
(2000). Agric. For. Meteorol. 101: 81-94 (2000). 

Thackway, R & I Cresswell (eds) (1995) An Interim Biogeographic Regionalisation 
for Australia: A Framework for Setting Priorities in the National Reserves System 
Cooperative Program. (Version 4.0) Canberra: Australian Nature Conservation 
Agency. 

Verdin, K.L. & Jenson, S.K. (1996). Development of Continental Scale Digital 
Elevation Models and Extraction of Hydrographic Features.  Third 
Conference/Workshop on Integrating GIS and Environmental Modeling. Santa 
Barbara: NCGIA, University of 
California.http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-
ROM/sf_papers/verdin_kristine/santafe2.html.  

Zuo, H., Hutchinson, M.F., McMahon, J.P. and Nix, H.A. 1996. Developing a mean 
monthly climatic database for China and Southeast Asia in Booth, T.H. (ed.) 
Matching Trees and Sites, ACIAR Proceedings No. 63. 

 
Further Reading on the Techniques involved. 
Bates, D. and Wahba, G. (1982). Computational methods for generalised cross 

validation with large data sets in: Baker C.T.Hh and Miller G.F. (eds). Treatment 
of Integral Equations by Numerical Methods. New York: Academic Press: 283-
296. 

Craven, P. and Wahba, G. (1979). Smoothing noisy data with spline functions. 
Numerische Mathematik 31: 377-403. 

http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-ROM/santa_fe.html
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-ROM/santa_fe.html
http://www.cics.uvic.ca/scenarios/pdf/workshop/mckenney.pdf
http://www.ngdc.noaa.gov/seg/fliers/globedem.shtml
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-ROM/sf_papers/verdin_kristine/santafe2.html
http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-ROM/sf_papers/verdin_kristine/santafe2.html


  APPENDIX:  E   

Arthur Chapman E-8 28 July 2003 
   

Elden, L. (1984). A note on the computation of the generalised cross-validation 
function for ill-conditioned least squares problems. BIT 24: 467-472. 

Hutchinson, M.F. (1984). A summary of some surface fitting and contouring 
programs for noisy data. CSIRO Division of Mathematics and Statistics, 
Consulting Report ACT 84/6. Canberra, Australia. 

Hutchinson, M.F. (1988). Calculation of hydrologically sound digital elevation 
models. Third International Symposium on Spatial Data Handling. Columbus, 
Ohio: International Geographical Union: 117-133. 

Hutchinson, M.F. (1991a). The application of thin plate smoothing splines to 
continent-wide data assimilation in Jasper, J.D. (ed.) BMRC Research Report 
No.27, Data Assimilation Systems. Melbourne: Bureau of Meteorology: 104-113. 

Hutchinson, M.F. (1991b). Climatic analyses in data sparse regions in Muchow, R.C. 
and Bellamy, J.A. (eds). Climatic Risk in Crop Production, CAB International, 
55-71. 

Hutchinson, M.F. (1993). On thin plate splines and kriging in Tarter, M.E. and Lock, 
M.D.(eds). Computing and Science in Statistics 25. University of California, 
Berkeley: Interface Foundation of North America: 55-62. 

Hutchinson, M.F. (1995). Interpolating mean rainfall using thin plate smoothing 
splines. International Journal of GIS 9: 305-403. 

Hutchinson, M.F. (1998a). Interpolation of rainfall data with thin plate smoothing 
splines: I two dimensional smoothing of data with short range correlation. Journal 
of Geographic Information and Decision Analysis 2(2): 152-167. 
ftp://ftp.geog.uwo.ca/GIDA/Hutchinson_2.pdf

Hutchinson, M.F. (1998b). Interpolation of rainfall data with thin plate smoothing 
splines: II analysis of topographic dependence. Journal of Geographic 
Information and Decision Analysis 2(2): 168-185. 
http://publish.uwo.ca/~jmalczew/gida_4.htm 

Hutchinson, M.F. and Bishof, R.J. (1983). A new method for estimating the spatial 
distribution of mean seasonal and annual rainfall applied to the Hunter Valley, 
New South Wales. Australian Meteorological Magazine 31: 179-184. 

Hutchinson, M.F., Booth, T.H., Nix, H.A. and McMahon, J.P. (1984a). Estimating 
monthly mean values of daily total solar radiation for Australia. Solar Energy 32: 
277-290. 

Hutchinson, M.F., Kalma, J.D. and Johnson, M.E. (1984b). Monthly estimates of 
wind speed and wind run for Australia. Journal of Climatology 4: 311-324. 

Hutchinson, M.F. and de Hoog, F.R. (1985). Smoothing noisy data with spline 
functions. Numerische Mathematik 47: 99-106. 

Hutchinson, M.F., Nix, H.A. and McMahon, J.P. (1992). Climate constraints on 
cropping systems in Pearson, C.J. (ed), Ecosystems of the World, 18 Field Crop 
Ecosystems. Amsterdam: Elsevier: 37-58. 

Hutchinson, M.F. and Gessler, P.E. (1994). Splines more than just a smooth 
interpolator. Geoderma 62: 45-67. 

Wahba, G. (1979). How to smooth curves and surfaces with splines and cross-
validation. Proc. 24th Conference on the Design of Experiments. US Army 
Research Office 79-2, Research Triangle Park, NC: 167-192. 

Wahba, G. (1983). Bayesian confidence intervals for the cross-validated smoothing 
spline. Journal Royal Statistical Society Series B 45: 133-150. 

Wahba, G. (1990). Spline Models for Observational Data. CBMS-NSF Regional 
Conference Series in Applied Mathematics 59, SIAM, Philadelphia, Pennsylvania. 

 

http://publish.uwo.ca/~jmalczew/gida_4.htm
http://publish.uwo.ca/~jmalczew/gida_4.htm

	Mar 2003
	Data Requirements:
	DEM
	Meteorological Data
	Resources:
	Software
	Computational
	Human



	McKenney, D. (2000). Development of gridded climate data for
	Further Reading on the Techniques involved.



