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Abstract
, Using temperature data from over 5,500 airports worldwide, we calculated estimates of temperature on a

regularly spaced grid of terrestrial points using a method based on radial basis functions. We will discuss the
methodology used to map the interpolated values and compare our results to the results using other methods.

Introduction

Our current research into the response of natural ecosystems to a hypothesized climatic change (e.g. global
warming) requires that we have estimates of various meteorological variables on a regularly spaced grid of points
on the surface of the earth. Unfortunately, the bulk of the world's meteorological measurement stations is located
at airports that tend to be concentrated on the coastlines of the world (see Fig. 1) or near populated areas. We can
also see that the spatial density of the station locations is extremely non-uniform with the greatest density in the
USA, followed by Western Europe. Furthermore, the density of airports is rather sparse in desert regions such as
the Sahara, the Arabian, Gobi, and Australian deserts; likewise the density is quite sparse in cold regions such as
Antarctica Northern Canada, and interior northern Russia. The Amazon Basin in Brazil has few airports. The
frequency of airports is obviously related to the population centers and the degree of industrial development of
the country.

We address the following problem here. Given values of meteorological variables, such as maximum monthly
temperature, measured at the more than 5,,500airport stations depicted in Fig. 1, interpolate these values onto a
regular grid of terrestrial points spaced by one degree in both latitude and longitude. This is known as the
scattered data problem, and it has received considerable attention in the literature.

Methodology

In Franke's [l]classical paper, he evaluated 29 different algorithms for scattered data interpolation using six
known bivariant test-functions over randomly generated data sets containing 25, 33, and I00 scattered data
locations over a unit square. Only the function values were given at the data locations. Using each of the methods
to be tested, he interpolated the results onto a 33x33 uniformly spaced grid Surprisingly, the standard methods of
triangulation, finite elements, Shepard algorithm performed poorly as compared to radial basis function methods
that include Hardy's [2,3] multiquadrics and reciprocal multiquadrics. From these data sets, he interpolated the
solutions onto a 33x33 grid, and graded the performance of the various interpolants based on accuracy, visual
appeal, ease of implementation, and effort expended.

Of the methods tested, he graded Hardy's [2,3] multiquadrics (MQ) the best. He gave much lower grades to more
traditional methods such as triangulation, Shepard's method, etc.

Given a domain, f_, _Rd _ f_,containing N loci, x_iand dependent values, f(._i),i=l,2,...,N any piecewise continuous
function can be expanded in terms of N basis functions,

f(_) =,Y,,jajg(_ - xj)

where g represents the C_ MQ basis function given by

*Work performed under the auspices of the U. S. Department of Energy by the
Lawrence Livermore National Laboratory under contract number W-7405-ENG-48.



g(.x.-xj)= [_ -xj)2 + A2]I/2whereA2> 0 isan inputparameter.

Thesetofexpansioncoefficients,{ai},arethesolutiontothefollowingsetoflinearequations,

=Ej i-x_j)

Micchelli[4]provedthattheMQ interpolationisalwayssolvable.Madych and Nelson[5]provedthatasthe
densityofthedatacentersincreased,therateofconvergenceincreasesexponentially.Buhmann[6]provedthatas
thedimension,d,ofthespaceincreases,therateofconvergencealsoincreases.

a

The setoflinearequationsusingtheMQ basisfunctionsisfull;thenumberofoperationsrequiredtofindthe
expansioncoefficientsvariesasO(N3).Likewise,theconditionnumber of likewiseincreasesas N increases.
Foley[7]showed thatdomain decompositionand blendingacrosssubdomaincutswas preferablebecausethe
exceptionalaccuracyand convergenceratesofMQ couldbemaintainedwithouttheneedfordealingwithlarge
systemsoflinearequations.Note,a verylargeproblemdecomposed intomany overlappingsubdomainsis
readilysolvableon parallelmachines.

Otherauthorshaveproposedmethodsofextrapolatingstationdataofenvironmentalorclimaticdatatoa
griddedset.Leemansand Cramer [8]havedevelopeda databaseofaveragemonthlytemperature,precipitation,
and cloudiness.The weatherrecordsusedby Leemansand Cramerwereconstrainedtotheyears1930to1960
and weregriddedtotheterrestrialportionofaglobalgridof05"forthegridcelllengths.Theyusedtriangulation
ofalldatapointsdevelopedby Greenand Sibson[9]and thena smoothsurfacefittingalgorithmdevelopedby
Akima [10]toproducethefinalgirddedset.They rejectedsphericalinterpolationon thebasisofgreatcircle
influencesacrossthepolesshouldbe smallcompared towithin-latitudinalinfluences.Legatesand Willmott
[11,12]griddedtemperatureand precipitationstationdata,respectively.They use a sphericalinterpolation
methodderivedfromShepherd's[13]weightedinterpolationmethod.The resultingdatasetswereforthe0.5°by
0.5"lattice.They usea sphericalmethod becauseearlierwork ofWillmotetal.,[14]suggestedthatsignificant
errorscanoccurwhen Cartesian-basedmethodareusedforclimatefields.

We followedtherecommendationsofFoley[7]inourproblemofinterpolatingthescattereddataairport
temperatureontoa gridofeverydegreeoflongitudeand latitude.First,we notethattheMQ schemeisvalidonly
where the monthly averaged temperaturesare continuouswithinlandmass.We deliberatelyavoided
extrapolatinglandbasedtemperaturesintowater.

Theprocedurewe usedwas tocollectdatalocationsintooverlappingrectangularbins.Ifa binwithina land
mass containedno locations,itwas enlargeduntilitcontainedatleastthreepoints.Forbinscontainingsmall
islandswithonlyoneortwo airportlocations,a constantaveragedtemperaturewas assumed.Withinthosebins
containing5ormore airportlocations,we usedMQ tointerpolatethetemperaturesontoa gridofeverydegreeof
latitudeandlongitude.Intheoverlapregionbetweentwoormorebins,we usedFoley'sblendingscheme.Forthe
mostpart,theMQ solutionsintheoverlapregionsamongstthedifferentbinswerenearlyidenticalwhen thedata
densitywas high,and forundersampledregionssuchasinthepolarregionsordeserts,themismatchwas inthe
worstcasesabout4-5degreesF.

Becausesome ofthecoastlinesareveryirregularlyshaped,especiallythepeninsulasitwas notpossibleto
alwaysenclosea landmass withina rectangularbinwithoutdoingsome extrapolationovera body ofwater.
When thisoccurred,we hulledoutthoseregionsoverwhichextrapolationoccurred.We have presentedour
interpolationoflandbasedairportmonthlyaveragedtemperaturesforthemonth ofJanuarywhereitiswinterin
thenorthernhemisphereand summer inthesouthernhemisphere.Note,we didnotinterpolatethetemperatures
overAntarcticabecausethedatawas vastlyundersampledoversuchalargelandmass.
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-Fig.1. The scatl:ered data set of 5500 airport temperatures.
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Fig.2. The global interpolated temperature map using MQ.
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