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1 ChangeLog
� Version1.2–December, 2002.

1. Correctedbugs

(a) In modulebpcca.py, if thesecond�eld wasnot two-dimensional,the
programcrashed.It is alreadycorrected.

(b) Thelastcharacterin thelastline of a�le couldbemissedby readdat.py
if thelastline did notendin a new line. It is correctednow.

2. Addeda netCDFiterator. This is anobjectwhich readsa list of �lenames
(all of theCOARDS-compliantnetCDFtype)andis ableto iteratethrough
all therecordsin thelist of �les. It hasmethodslike len and getitem
and get�eld(), to handlethe iterator and the �elds inside. It is a cheap
versionof ncrcat.Its main interestis thatundersomesystems(Linux, for
instance),�les largerthan2 Gb mayproduceerrorsin the�lesystem. This
way, they maybeprocessedassmallerchunksand,still, give theuserthe
impressionof a singleobject that canbe traversedby meansof a single
iteration.

3. HugedatasetEOFs(hdseofs.py)
Is a versionof theEOFcomputing-codefor hugedatasets.Insteadof per-
formingtheSVD of thedatamatrix, likesvdeofs.py does,it simply iterates
onceor twiceover thedataset,dependingon thetypeinstantiated.It builds
thecovariancematrix andperformsa SVD of it. Then,afteriteratingonce
moreover the dataset,it cancomputethe PCs. Otherbells andwhistles,
like Monte Carlo testsandthe North testor an automaticshape/unshape
mechanismof theeigenvectorsor eventhepossibilityof thecall of aexter-
nal SVD solver (not theonein LapackLite)arealsoincluded. It is useful
for Gigabyte-sizeddata,astheseproblemsaredif�cult to solveby thepre-
viously availableEOF-solver (svdeofs.py) dueto memoryconstraints.In
order to ef�ciently managethe memory, it usesthe ”memory-managing”
versionsof Numeric.add(),Numeric.reduce()and so on. However, it is
slower thanthe previous versionof the routinesandshouldonly be used
whenthedatasetis verybig.
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4. MonteCarlotestfor theBarnett-Preisendorferversionof theCCA
We have addeda new Monte carlo teston the congruencecoef�cient of
canonicalcorrelationpatternsof randomsubsamplesof thecanonicalcor-
relationanalysisof �elds by meansof theBarnett-Preisendorferapproach.

5. Searchof analogsfor downscalingpurposes
We perform the searchin the PCA spaceas well as in the CCA space,
too. Mathematicaldetailscanbe found in (FernandezandSaenz,under
revision).

6. Array of numericalhistograms(NHArray)
A specialmodulehasbeenwritten in C to allow theuseof arraysof numer-
ical histogramsfor Monte Carlo tests. It is muchfasterthenthe iteration
over a multivariatedistribution of univariatehistogramsasthoseavailable
in Scienti�c.Statistics.

7. svdeofs.py
A new object-orientedfront endto theEOFscomputation.Somemethods
have beenadded,for instance,take a look in themanualat recontructed-
Field,unreconstructedField,projectField

8. Cleanernamespaces
WehaveremovedALMOST all theimportsof thekind from XXXX import
* This means,basically, thatour codeis cleanerandthatit will not (hope-
fully) corruptyour namespaces,but it meansmorerequirementson your
codeaswell. It canalsocreatesomeincompatibilitieswith olderversions
of PyClimate.However, in orderto leave theusernamespacecleaner, we
haveadheredto thesestricterrequirements.
Thenext script:

from pyclimate.ncstruct import *
onc=create_bare_COARDS(

"XXX.nc",
None,None,arange(0.,377.6,2.5),Non e

)

wouldwork in PyClimate1.1,but it will crashin PyClimate1.2. It worked
beforebecauseNumericwasin yournamespacebecausepyclimate.ncstruct
importedit andfunctionssuchas'arange'wereautomaticallyin yournames-
pace.UnderPyClimate1.2,this is no longertrue.
To make thescript run underPyClimate1.2,you mustaddline of codeto
importNumericyourself

from pyclimate.ncstruct import *
from Numeric import * # Add this line
onc=create_bare_COARDS(

"XXX.nc",
None,None,Numeric.arange(0.,377.6, 2.5),N one

)

In particular, versions1.1 and 1.2 of PyClimateallow the user to call
equallypyclimate.readdat,pyclimate.writedatandpyclimate.asciidat.This
is anobsolescentfeature.In acoupleof versions(abouttwentyyearsin the
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future),pyclimate.asciidatwill betheonly wayto accessall thesefunctions
andpyclimate.readdatandpyclimate.writedatwill disappear.

9. Statisticaltestsaddedto tools.py
Two new functionsareavailablein themodulepyclimate.tools.' ttest' per-
forms a t-Studenttest on the differenceof meansand 'ftest' performsa
F-teston thedifferenceof variances.

10. writedat.py formatstringargumenthaschangedabit
Blank spacesare managedby the writedat function, there's no needto
worry aboutthemin the'formatstring' argument.

� Version1.1.1–July, 2001.

1. Re-Correctedbugs.

(a) readdat.py bugoncommentsis now reallycorrected

2. Themainreasonfor this releasearethechangesin python2.1whichcause
someof our modulesto crash. Namely, comparisonslike if a==None
havehadto berewrittenasif not a. Theaffectedmodulesarereaddat ,
ncstruct andLanczosFilter .

� Version1.1–June,2001.

1. Correctedbugs.

(a) Previousversionof svdeofs() usedadenominatorof (N-1) to com-
putethevariance,whilst thedatasetswerestandardizedusingthesam-
ple variance(N) in thedenominator. Thus,PCswereactuallyscaled
by thefactorsqrt((N-1)/N)andeigenvalues(variances)by afactor(N-
1)/N. We areusingN in all denominatorsin this version.

(b) readdat.py is able to handlecommentslike #Variance of XXX
(without blankbetweenthe# andVariance ), which causeda crash
in previousversions.

2. To be able to run properly underPython2.n, all exceptionstringshave
beenremovedandconvertedto exceptionclasses.All the exceptionsare
instancesof a root class(PyClimateException)which canbeprintedwith
averycomprehensivemessagevia the str method.Theexceptionshave
analternativemethodGetExceptionValue(),which returnsthemostimpor-
tantdatarelevantto eachexception.

3. The differentialoperatorshave beenextended. They canwork usingpe-
riodic andnonperiodicboundaryconditionsin the longitudinaldirection.
For latitudes,thepreviousapproach(backwardandforwardsecondorder
�nite differenceschemes)is usedattheborders.In thecurrentversion,they
areableto work using3D (Z,lat,lon)and4D (time,Z,lat,lon)�elds arranged
accordingto COARDS conventions,not just 2D �elds, like in PyClimate
1.0. This allows to computetheoperationfor all the recordsin a dataset
(if it �ts into memory)or for all thelevelsin a recordat a time.

4. A new modulewritedat.py providessimplefunctionsto write arrays
in a way that canbe directly invertedby readdat.py . Both modules
(writedat.py and readdat.py ) have beenincludedinto ascii-
dat.py , althoughtthey can still be called independentlyfor backward
compatibility.
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5. A new modulebpcca.py providesCanonicalCorrelationAnalysiswith
anEOFpre�ltering (Barnett–Preisendorferapproach).

6. Easierinterfacefor theroutineswhichcomputeEOFsandtheSVD decom-
positionof coupled�elds. The input datasetscanbe arbitrarily shaped,
with theonly preconditionthattheleadingaxisis thetime dimension.The
�elds areautomaticallyreshapedinsidetheroutinesbeforereturning.Sim-
ilarly, theeigenvectorsandsingularvectorsareautomaticallyreshapedto
the original shapebeforereturningto the caller. Somesimple functions
haveaddedto thesemodules(svd.py andsvdeofs.py ).

7. A new functiongetcoefcorrelations() hasbeenaddedto svd.py
to getthecorrelationsof pairedSVD expansioncoef�cients.

8. A new functionpcseriescorrelation() hasbeenaddedto themod-
ule svdeofs.py to get the correlationpatternsbetweeneachprincipal
componentandtheoriginal �eld.

9. New versionsof the manualandthe testscover the previously described
changes.

10. We haveslowly startedto provide doc stringsto SOME(very few, yet)
of theroutines.

11. New functioncreate_bare_COARDS() to createthebareminimumof
a COARDScompliantnetCDF�le in ncstruct.py .

� Version1.0–October, 2000.

1. Improvedtests.They aremoreaccurate,reliable,informative,comprehen-
siveanduselessdiskspace.

2. Thepackagecompilesusingdistutils . This featurehasbeenchecked
onFreeBSD,Linux andOSFplatforms.

3. Someminor typoscorrectedin thedocumentation.

4. AddedKPDF.c , aextensionmoduletoestimateunivariateandmultivariate
kernel–basedprobabilitydensityfunctions.

5. Addeda classto computetheverticalcomponentof thecurl andthediver-
genceof anhorizontalvectorial�eld in diffoperators.py .

6. DCDFLIB.C is currentlydistributedwith thepackage.

7. KZFilter.py hasbeenconvertedinto a generalpurposeLinearFil-
ter.py which holdsthe basicoperationsof any linear �lter . Thereare
two differentsubclassescurrently, the Lanczos�lter [5] andthe previous
Kolmogorov–Zurbenko �lter , KZFilter.py .

2 Installation

2.1 Download

Thepackageis freelyavailablefromtheof�cial websitehttp://www.pyclimate.org
asa tar.gzsource�le. Eventhoughfull backwardcompatibilityis keptwhenpossible,
previousreleasesof thepackagearealsoavailablefrom thewebsite.
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2.2 Prerequisites

Many of the functionsdevelopedin this packagehave beenbuilt over other freely
distributedpackagesandlibraries.So,beforeinstallingthispackage,thenext software
is needed:

� Python interpreteritself, freelyavailableat:
http://www.python.org

� TheNumericextensionsto Python, freely availableat:
http://sourceforge.net/projects/numpy

� KonradHinsen'sScienti�c Python, availableat:
http://starship.python.net/crew/ � hinsen

� ThenetCDF library, freelyavailableat:
http://www.unidata.ucar.edu

Versionsprior to PyClimate 1.0requiredDCDFLIB.C 1.1library, too,which is freely
availableat: http://odin.mdacc.tmc.edu/anonftp/pag e 3.html . The
currentversionof thepackagedistributesthesourceanddocumentationof this library
to easetheinstallationof PyClimate. In casetheoriginalC �les of someof theexten-
sionswereedited,D. Beazley'sSWIG (http://www.swig.org) will beneededto create
thePython interfaceto theC routines.TheSWIG source�les (*.i ) aredistributedin
thesubdirectoryswig .

2.3 Compilation

Sinceversion1.0 pyclimate is distributed using distutils . Thanksto Alberto
Garć�a for his help in settingup the setup.py script. After downloadingthe �le
PyClimate-1.0.tar.gz , youshoulddecompress,untarandinstall it. TheUNIX
commandsneededare:
gunzip PyClimate-1.0.tar.gz
tar xf PyClimate-1.0.tar
After thesesteps,go into the main directoryof pyclimate anda typical installation
commandis:

� For a generalinstallation(rootpasswrodrequired):
python setup.py install

� For a privateinstallation:
python setup.py install --home=˜

In this lastcase,you will have to setmanuallythevalueof theenvironmenalvariable
PYTHONPATHto be ableto accesspyclimate. The scriptpyclimatetest.py in
the test directory runsa test that coversmany of the routinesin the package(see
subsection2.4).

2.4 Test

After installingthepackage,ausermaybeinterestedin knowing if it is workingprop-
erly. Thereis a script which makesextensive useof the functionsin pyclimate in
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thesubdirectorytest . This script(pyclimatetest.py ) comparestheresultsob-
tainedaftertheinstallationwith theonesobtainedandcheckedduringthedevelopment
andextensive checkingof thepackage.Thus,python pyclimatetest.py runs
thetestsandcomparestheoutputwith thedatastoredin �le reference.cdf . The
outputof thescriptis quiteinformative. Hereis shown a excerptof theoutput:

XG_44_44 |hgt_eofs | : 1.00e-00 dG:-1.11022e-16
G_45_45 |hgt_eofs | : 1.00e+00 dG: 2.22045e-16
G_46_46 |hgt_eofs | : 1.00e+00 dG: 0.00000e+00

XG_47_47 |hgt_eofs | : 1.00e-00 dG:-1.11022e-16
RMS Error |hgt_lambdas | : 0.00e+00

The �rst characterof each�le may be a blank (no differencedetected)or a X, in
which case,a differencehasbeendetected.Most often, thesedifferencesarenot im-
portant,and they are simply due to the fact that the control usedis of the type if
rms!=0.0): , which is not accurateenough.Thesecondcolumnshowswhich is the
measureusedto evaluatethedifferences.Usually, RMSerrorsareused,but congruence
coef�cients (G i i ) arealsousedto evaluateerrorsin EOFs(andrelatedquantities,
like PCs,expansioncoef�cients for SVD analysisor heterogeneousandhomogeneous
correlationmaps)dueto the fact thatboth � and �

� arevalid solutionsof theeigen-
valueproblem.Thethird columnstatesthenameof thenetCDFvariablewhich holds
thereferencedataandthefourthcolumnshowsthevalueof theerrormeasure(RMSor
congruencecoef�cient). For thespecialcaseof congruencecoef�cients, a lastcolumn
(dG) shows thedifference

�

��� ���	� �
� to let theuserknow the real differencefor those
lineswith a X asthe�rst character.
Thenew testsin version1.1have increasedthesizeof reference.cdfto 1.6Mb. There-
fore, it is not currentlydistributedwith pyclimate , andthe distribution still �ts in
a �oppy disk (or two, if you downloadthe reference�le andgzip -9 it �rst). The
test script can retrieve the �le from the URL, and, additionally, the �le can always
be downloadedfrom the primary WEB server http://www.pyclimate.org .
python pyclimatetest.py -g forcesthe retrieval of the reference�le from
its URL.

python pyclimatetest.py will usuallybecalledwithoutcommandline ar-
guments,and it performsthe comparisons.However, if a userdetectsthat with her
hardwareor softwaresheis gettingdifferentresults(for instance,phasesin EOFs)and
sheprefersto have her own reference.cdf �le, shecanusethe commandline
option -o to overwritethe reference�le. It is not advisableto do this unlessthecor-
rectnessof pyclimate hasbeenexaminedat leastonceaftertheprimaryinstallationin
thatplatform.

2.5 Examples

The previous manualincludedsomeexampleson the useof the code. However, we
have removed thoseexamplesfrom the currentversionof the manualto save some
trees.They canbefoundat thedirectoryexamples of thedistribution, andyou can
print them,if you don't mind usingpaper. Anotherdifferentsourceof informationon
theuseof thepackagecanbefoundin thepyclimatettest.py �le, whichcovers
mostof thefunctionsin thepackage,usingreal–lifedatasets.
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3 IO functions

3.1 ASCII �les: asciidat.py

3.1.1 readdat.py

Themaingoalof �le readdat.py is to providea setof functionsto handleIO from
ASCII �les. TheASCII �les mustbewritten in thewaygnuplot �les are,but notall
of thegnuplot –compliant�les arereadable.Eachrow in the�le isarow of theoutput
data.Lineswhose�rst tokenis a# arecommentsfor thesefunctions.No commentsare
allowedatthetail of aline. Emptylinesareallowed,but they arediscardedandnotused
to separatedatasetsin the�le. Bettersupportfor thesefeaturesexistsin otherpackages
for Python, like M. Haggerty'sGnuplot or theIO functionsin K. Hinsen'sScienti�c
Python. The interestof this �le is that it allows to read�les with complex numbers
andotherdatatypes,a featurethat is not supportedby thementioned�les. Complex
numbersare written as: real,imag , ,imag or real, in the input �le, with no
blankspaces(nor tabs)separatingthemembersof acomplex number. Examplesof use
of theseroutinescanbefoundin �le exiofuncs.py
Function: def readdat(fname,typecode=None)
Readsall the datain the �le fname andreturnsa bidimensionalNumPyarrayof the
sameshapeasthedatain theoriginalarrayandwith atypecodegivenasFloat64 by
default(Complex64 in casetherewerecomplex elementsin the�le). If theparameter
typecodeis explicitly assigned,theoutputarrayis coercedto thattype. If the�le to be
readcontainsonly onerow or columnof datathereturnedarrayis one–dimensional.
Function: def readcol(fname,col=1,typecode=None)
In thiscase,thecol–ethcolumnis readandreturnedasaonedimensionalNumPyarray.
The numberingof columnsis not accordingto Python's scheme,but to gnuplot 's
oneinstead,thatis, from 1 to N. Thetypecoercionworksasin thepreviousfunction.
Function: def readcols(fname,cols=[1],typecode=None)
Similar to readcol , but readsfrom the �le fname and returnsa � –dimensional
NumPyarray, where � is the lengthof the sequenceobjectcols. The type coercion
worksasin theprevioustwo functions.Thecolumnsarereturnedin thesameorderas
they appearin cols.
Function: def read1Ddat(fname,typecode=None)
Similar to readdat , but evenif theASCII �le hasseveralcolumnsthey arereadrow
by row asa 1D array. This allows to read�les with an inequalnumberof columnsin
eachrow.
Function: def readstdin(typecode=None)
Similar to readdat , but readsfrom thestandardinput. Allows to pipeyour python
scriptto theoutputof anotherprogram.

3.1.2 writedat.py

As a readdat.py relatedtool is providedwritedat.py . A NumPyarraycanbe
directly written in a way thatcanberecoveredwith readdat.py . This providesan
easywayto passarraysfrom oneprogramto anotherwith humanreadableintermediate
�les.
Function: def writedat(fname, matrix, header=””, formatstring=”%g”)
Thenameof the�le to becreatedis passedasthe�rst argumentfname. If the�le al-
readyexistsit will beoverwrittenwithoutprompting.Oneandtwo–dimensionalarrays
canbewrittenandthey arepassedasthesecondargumentmatrix to thefunction.All
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otherargumentsareoptional.A headercanbespeci�ed,but theusermusttakecareof
writing a # at thebeginningof eachline. Finally, theoutputformatcanbecontrolled
by passinga formatstring.Thedefault formatstringis ”%g”.

3.2 netCDF �les

To accessnetCDF�les, pyclimate usestheexcellentnetCDFpackagein K. Hinsen's
Scienti�c Python. Two specialfunctionshave beenbuilt on top of K. Hinsen's inter-
faceto make theuseof structurednetCDF�les easier, andthey areincludedin the�le
ncstruct.py .
Function: def nccopystruct(name,inc,dims,vars,varcontents)
This function replicatesthe structureof a Conventions–compliantnetCDF�le (see
COARDS conventionshttp://www.unidata.ucar.edu ). Theseconventions
usually imply the de�nition of a set of variableslike latitude, longitudeor vertical
level andsomeauxiliary attributeslike units or the numbersassignedto the missing
valuesor scaleandoffset valuesfor packing. This function helpsin the creationof
structuredoutput�les from aninput datasetwithout having to individually copy ALL
of the global attributes,auxiliary variablesand their attributes. In casea history
attributeexisted,it is updatedwith thedateandthenameandargumentsof thecalling
program. The function returnsa netCDF�le object readyto be used. This function
openstheexisting netCDF�le with the'w' �ag, overwritingany existing �le with the
samename.Parameternameis thenameof theoutputdata�le to becreated.inc is the
inputNetCDF�le whosestructureis to bereplicated.dims is asequenceof dimensions
of theinputdata�le whichareto becopiedontotheoutputdata�le. vars is a sequence
of variablesto be copiedonto the outputdata�le without copying the contents,just
thedeclaration,type,structureandcomments.varcontentsis a sequenceof variables
in the parametervars whosestructureand contentsare to be copiedfrom the input
dataset.Thefunctionexiofuncsnc.py showsexamplesof useof this function.
Function: createbare COARDS(ncname,tdat=None, zdat=None, latdat=None,
londat=None)
This functioncreatesa bare–minimumCOARDS–compliantnetCDF�le. ncnameis
thenameof theoutput�le thatis beingcreated.tdat is None or a tuplewith �rst ele-
menttheNumPyarrayof itemsto beheld(Nonefor arecordvariable)andwith second
elementin thetupletheunitsattributeof thecreatedtime variable.If tdat is None,no
time variablenor dimensionwill be created.zdat is a tuple with two elements.The
�rst oneis the NumPyarrayof vertical levels. The secondoneis the units attribute
of thevertical levels. If zdata is None, no vertical dimensionis created.latdat is a
NumPyarrayof latitudes.Theunitsattribute is alwasysetto “degreesnorth”. If this
parameteris None, no latitudinal dimensionis created.londat is a NumPyarrayof
longitudes.Theunitsattribute is setto “degreeseast”. If this parameteris None, no
zonaldimensionis created.

From PyClimate1.2 on, a new moduleto handleNetCDF �les hasbeenadded:
nciterator.py . It allows to accessmultiple NetCDF �les containingthe same
variablefor differenttimes(e. g. theNCEPdistributesthedatain a NetCDF�le per
year)transparently, not caringaboutin which �le is therecordyouwantto read.
Class: nciterator
Method: nciterator. init (self, namelist, tvarname)
Defaultconstructor. namelistisalist with thenameof the�les to includein theiterator.
tvarnameis theNetCDFvariablename(it mustexist in all �les in namelist).
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Method: nciterator. len (self)
Returnthetotalnumberof records.
Method: nciterator.get�eld(self, varname,ir ec)
Returnsa NumPyarraywith thevariablevarnamecorrespondingto theglobalrecord
ir ec. Particularly, askingfor varname=”time” the time positioningof the recordcan
beobtained.
Method: nciterator.getncitem(self, ir ec)
LocatestheNetCDF�le whichcontainstheglobalrecordir ecandreturnsit asanopen
NetCDFFileobject.
Method: nciterator.getncrec(self, ir ec,inc)
Returnsthelocal recordof theNetCDFFileinc correspondingto theglobalrecordir ec

4 Time handling routines

One of the problemsthat researchersin climate analysisare usually facedto is the
needto positiontheir observationsaccuratelyin time. The�le JDTime.py provides
somefunctionsto facethis problem. It doesnot intendto provide a completesetof
datehandlingroutines.In particular, all thecomputationsasumeUTC time–zoneand
no DST functionsareincluded(M.A. Lemburg'smxDate providessomeof theseex-
trafeatures).JDTime.py allowsfast,accurateandeasydateprocessingfrom Python
withouttheneedof extrapackages.A veryinterestingfeatureis thepossibilityof easily
usingmonthlyintervalsby meansof thefunctionmonthlystep() , computedfrom
thede�nition of atropicalyearwith thesamevalueusedin Unidata'sudunits.dat ,
so that the time valuescreatedthis way canbe correctlyreadandinterpretedby the
SDF interfacein plotting programsasGrADS. The datearithmeticis carriedout by
meansof JulianDaysstoredasdoubleprecision(Float64)numbers.Conversionfunc-
tionsto datestructuresareprovidedby meansof a C extensionbasedon astronomical
algorithms[6]. The �le exjdtime.py providessomeexamplesof theuseof these
functions.Thealgorithmdoesnot supportdatesbeforethestartof theGregoriancal-
endar(1582-10-15).In particular, this meansthatyou cannot properlyrecover dates
from someof theNCEPReanalysisnetCDF�les, which startat 1–1–1,a datenot in-
cludedin theGregoriancalendar.
Class: JDTime
Integermembers:year, month, day, hour, minute.
Doublemember:second.
Thepreviousmemberscanbedirectlyaccessedfrom Python.
Function: def date2jd(jdt)
FromaJDTime structurejdt , gettheJulianDaynumberasa double.
Function: def jd2date(jd,jdt)
Givena JulianDay jd , getthebrokendatestructurejdt .
Function: def monthlystep()
Returnthe numberof Julian Days in a month, that is, numberof tropical daysper
year(365.242198781) divided by twelve. This providesadequateaccuracy for dates
during the instrumentalpart of the climate record. However, this approachposesa
problembecauseof thetruncationproblemthatappearsdueto thedifferentlengthof
themonths.Whenusingthis approximation,somemonthsarelongerthanothersand
this meansthatoneof thetime stepsmaybein the�rst dayof onemonthandthelast
stepon the lastdayof thesamemonth(if monthis longerthan30.43days).To avoid
this truncationproblem,theorigin shouldbesetto day15thof thestartingmonth.This
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way, for every record,the �rst two �elds of the datestructure(yearandmonth)will
be adequatelyresolved by jd2date() . This canbe easilyexplainedwith the next
example,andits output.

from pyclimate.JDTimeHandler import *
from pyclimate.JDTime import *

a=JDTimeHandler("hours since 1958-01-01")
b=JDTimeHandler("hours since 1958-01-15")
mstep=monthlystep()*24
print mstep," in hours = ",mstep/24.," days"
print a.getdatefields(0.0,3)
print b.getdatefields(0.0,3)
print a.getdatefields(0.0+mstep,3)," Still in January"
print b.getdatefields(0.0+mstep,3)," In February"

730.484397562 in hours = 30.4368498984 days
[1958, 1, 1]
[1958, 1, 15]
[1958, 1, 31] Still in January
[1958, 2, 14] In February

Thereis asecond�le thatallowsthehandlingof COARDScomplianttimevariablesin
netCDF�les, JDTimeHandler.py .
Class: JDTimeHandler
Function: def init (self,units)
The creatorparsesa COARDS–typeunits attribute of the netCDFtime variable(ex:
hourssince1958-01-010:0) andcomputestheoffsetandthescalefactorto getJulian
Daysfrom thenetCDFtimevariablefor eachrecord.
Function: def getdate�elds(self,tvalue,listlen=6)
This methodscalesthe valueof tvalue usingthe scalingfactorcorrespondingto the
unitsattributeandaddstheoffsetcomputedfrom theunitsattribute,gettingtheJulian
Day correspondingto the time coordinatetvalue. The Julian Day value is usedto
createa brokendatestructure,andits values(year,month,day,hour,minute,second) are
returnedasa list, with asmany membersasthoserequestedby listlen.
Function: def gettimevalue(self,date�elds,listlen=6)
This functionis theinverseof thepreviousone.It createsaJulianDay from thevalues
in thelist date�elds (asmany valuesasthevalueof listlen), computestheoffsetfrom
the origin of coordinatesandscalesthe valueto the units correspondingto the units
attribute of the time variableusedto cretaethe instanceof this class. Due to some
truncationswhich appearduring the �oating point operations,this function is only
accurateto about12 signi�cant �gures. So, if you arecreatinga netCDF�le from
scratch,it is moreaccurateandfastjust to addequaltime intervalsusinga �x edtime
stepfrom recordto record.

5 Distrib ution functions

DCDFLIB.C 1.1 is a library of C Routinesfor CumulativeDistribution Functionsde-
velopedbyBarryW. Brown,JamesLovatoandKathyRussell,Departmentof Biomath-
ematics,The Universityof Texas,M.D. AndersonCancerCenter. The library allows
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thedeterminationof cumulativedistribution functions,inverses,andtheparametersof
thefollowing statisticaldistributions:Beta,Binomial, ��� , Noncentral��� , � , Noncen-
tral � , Gamma,Negative Binomial, Normal, Poisson,Student's � andNoncentral� .
The �le pydcdflib.py providesaccessto this library from Python. For eachone
of thesedistributions,a classhasbeencreatedthat wrapsthe parametersin the call
to the functionsof this routineandsomeC functionsthat wrap the original C calls
to make themavailable to the Python interpreter. The samenameshave beenused
in the wrappingof the parameters,so that the original documentationof the DCD-
FLIB.C library is valid for eachof theclassesin this Python extension.Theclassis
passedto a function with the samenameof the original one(with py prependedto
thenameof thewrapperfunction). The �elds of eachclassareupdatedby thewrap-
per functions. The codeof the original C library is untouched.Exampleson the use
of thesewrapperscanbe obtainedfrom the testDCDFLIB.py script in the source
directoryof thedistribution andfrom theenclosedexdcdflib.py �le. Thereis an
errorwhencomputingtheparametersfor theF distributionusingthevaluewhich=3 .
This seemsto be linked to the propertiesof the F distribution and, in caseit werea
bug, it alsoexistsin theoriginal DCDFLIB.C , asthesameproblemappearsusingthe
C �le testF.c , providedin thesourcedirectory. Thedocumentationof theoriginal
DCDFLIB.C library is distributedwithin thedoc subdirectoryof thedistribution.

6 Simplemulti variate statistical tools

The main goal of �le mvarstatools.py is to provide someroutinesthat arebe-
ing usedby otherslike svdeofs.py . However, someof themmaybeinterestingby
themselves,andthey arethusdocumentedin thissection.
Function: def center(dataset)
Given an input multivariatedatasetwith arbitrarydimensions��� (with the restriction
that �rst dimensionis time), this function returnsthe centereddataset	�
���
��� ��� ,

with � thesampleaverage���

�����

�

� .
Function: def standardize(dataset)
Given an input multivariatedatasetwith arbitrarydimensions��� (with the restriction
that �rst dimensionis time), this functionreturnsthestandardizeddataset	�
���

�

���
�

���

,

with �

� thesamplestandarddeviation �

�

�

 

�
�"!

�

�
�#�%$'&

� .
Function: def covariancematrix(X,Y)
Given two input datasets( and ) , with �rst dimensiontime andseconddimension

space,this functionreturnstheS–modecovariancematrix *+�

!-,

�

,

$/.

!10

�

0

$

� .
Function: def correlationmatrix(X,Y)
Given two input datasets( and ) , with �rst dimensiontime andseconddimension
space,this functionreturnstheS–modecorrelationmatrix *+�

�

.32

� from thestandard-
ized � and 4 datasets.
Function: def detrend(dataset,tvalues,order=1)
Fromtheunivariate timeseriesdataset, thisfunctionreturnsatuple(detrended,trend-
coefs). Thetrendis computedadjustingby meansof linear leastsquaresa polinomial

�65'�879�

��:

�1;�<6=

�
�

� to thedata,where > is order. Thetupleholdsthedetrendedtime
seriesasthe�rst memberandthethetrendcoef�cients

=

� asthesecondelementof the
tuple.
Function: def congruence(pattern1,pattern2)
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Given two spatialpatternspattern1 ( �

��� ) andpattern2 ( �

�

�

), this function returnsthe
congruencecoef�cient �

�

�

�

�

�

���	�

�

�

&




�

���


�


�

�

&


 [3, 14].

7 EOF analysis

A subroutineis providedin the �le svdeofs.py to performthedecompositionof a
datasetin its spatialeigenvectors(EmpiricalOrthogonalFunctions,EOFs),thefraction
of varianceexplainedby eachmodeandits temporalexpansioncoef�cients [12, 16]
(PCs). Oneof theproblemsof this techniquein climatologicalanalysisis the singu-
larity of covariancematriceswhenthenumberof spatialdegreesof freedomis bigger
than the numberof temporalsamples. To avoid this problem, the routine is based
on the SVD decompositionof the datamatrix ( ��
 � ����� . For this implementation,

�

�

���������

meansa temporalsampleand � �

�������

> a grid point or observingsite.
Correctionsderivedfrom quadratureor areafactors[2, 11] mustbeappliedprior to this
routine.Thereis anexampleon theuseof thesefunctionin �le exsvdeofs.py .

Sinceversion1.1, the input datasetmay be arbitrarily shaped,with the only re-
strictionthattheleadingaxismustbethetimeaxis.

NEW: Sinceversion1.2,theEOFanalysishasbeenre–implementedusingobjects
to avoid giving redundantinformationto thefunctionsof themodule.Please,referto a
previousversionof themanualto get informationabouttheprevioussyntax(which is
alreadyavailablefor backwardcompatibility).
Class: SVDEOFs
Method: SVDEOFs. init (self, dataset)
Givenatwo dimensionaldataset

���

> asdescribedabove,thisconstructorcomputes
�

, � ,� .
�

��
 �

�

�

�����

� � �
� is a

�!�#"

matrix, whereeachcolumn �%$ is a vectorof
length

�

andis the & –ethPC of the �eld. Eachelement'($ in the onedimensional
array � , is the varianceaccountedfor by the & –ethcomponent.Finally, the matrix

� �)
 *

�

�

�����

� *+�
� hasascolumnseachof theeigenvectors(EOFs)of thedataset.The

maximumnumberof EOFs(
"

) will be ,.-0/ 5 >21

�

7 , dependingon therankof thedata
matrix. Theinput datasetis centered(meanremoved)insidetheroutine.
Method: SVDEOFs.eofs(self, pcscaling=0)
Returnstheempiricalorthogonalfunctions. From version1.1 pyclimate supports
multidimensionaldatasetprovided that the �rst dimensionkeepsbeingthe temporal
one. In that casethe EOFsarereturnedstoredasgeneralizedcolumns(ie: they can
berecoveredas 34


�5�0�

1

� 6%7

�(8:9<;

�>=

� insteadof 3�
@?@1

� 6%7

�(8:9<;

�>=

� ) andtheir spatial
shapeis thatof theoriginal �eld. This approachis backwardscompatiblewith previ-
ousversionsbut is more�e xible for the user. If the pcscalingis set to 0 the output
eigenvaluesarescaledasvariances,thePCs ��$ arescaledsothat their varianceis the
varianceaccountedfor by eachcomponent,andtheeigenvectorsareorthonormal,i.e.

A

� $B1C�
�ED

�GF�$
�

'
� , *@$IHJ*

�
�GF>$

� . If thepcscalingis setto 1 theoutputPCshaveunit
varianceandtheeigenvectorsareno logerorthonormalbut just orthogonal.
Method: SVDEOFs.pcs(self, pcscaling=0)
Returntheprincipalcomponentsof the�eld. Seethepreviousmethodfor thebehavior
inducedby a pcscalingdifferentfrom thedefault (0).
Method: SVDEOFs.eigenvalues(self)
Thedecreasingvariancesassociatedto eachEOF.
Method: SVDEOFs.eofsAsCorrelation(self)
ReturntheEOFsscaledasthecorrelationof thePCwith theoriginal �eld. It usesthe
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formula: �

6 = =

5 � � 18( � 7 �

� 5 � � 7

� 5'( ��7

3 � �

where ( � is thetime seriesat the � -th site. Thecorrelation�elds of theoriginal time
serieswith eachPCarereturnedasgeneralizedcolumns.
Method: SVDEOFs.eofsAsExplainedVariance(self)
ReturntheEOFsscaledasfractionof explainedvarianceof theoriginal �eld
Method: SVDEOFs.varianceFraction(self)
Returnsthefractionof variance7

� �2' ���

�

�

$ ;

�

' $ associatedto eachof theeigenval-
ues.
Method: SVDEOFs.northTest(self)
Teststhe degeneracy of eigenvaluesaccordingto F%' �����

���
	

�

� . It returnsthe array
of values � �
�
�>F%' ��� . In casethat for a pair of eigenvalues ' � �GF%' � � ' ���

���

F%' ���

� , both membersof the pair shouldbe mantainedor removedsimultaneouslyin
thefactorization[11].
Method: SVDEOFs.bartlettTest(self)
Testthehypothesisthatthelast� � & eigenvaluesareequalby meansof thestatistic[9]:

�

�

� ���

�

�

� ;
$

�

���

/ 5 '+�%7

�

��5�� � & 7

�

/��

�

�

�1;
$

�

�

'
�

� � & �

(1)

It is distributedasa ��� with
�

�

5�� � &

�

�

7 5�� � &

�! 

7 degreesof freedom. � is the
degreesof freedomof the covariancematrix. The function returnsa tuple of arrays
(eachof themoneitem shorterthan � ), ( � � ,�#"

	

). The �rst elementof the tuple is an
arraywith thevaluesof ��� obtainedfrom eqn(1), while thesecondelementholdstheir
probabilities.This testis usuallytoo liberal andtendsto overfactor[9].
Method: SVDEOFs.MCTest(self, subsamples,length, neofs=None)
This function tests,by meansof a Monte Carlo test [3], the stability of the EOFsto
temporalsubsamplingof theoriginal dataset.This methodbuilds severalsubsamples
chosingthe recordsin the original datasetat random. The subsamplesareof length
length, which mustbe smallerthan the lengthof the original dataset.The function
returnsaNumericarrayof shape(subsamples, neofs ) whichholdsthecongru-
encecoef�cients of themaster(wholesample)andperturbed(subsample)eigenvectors
for eachsubsampleandeigenvector.
Method: SVDEOFs.projectField(self, neofs,X=None)
Projectsa �eld X onto the neofsleadingEOFsreturningits coordinatesin the EOF-
space
Method: SVDEOFs.reconstructedField(self, neofs)
Reconstructstheoriginal �eld usingneofsEOFs
Method: SVDEOFs.unreconstructedField(self, neofs,X=None)
Returnsthepartof the�eld NOT reconstructedby neofsEOFs.neofsis thenumberof
EOFsfor reconstructingthe �eld. X is the �eld to try to reconstruct.Defaultsto the
data�eld usedto derive theEOFs.
Method: SVDEOFs.totalAnomalyVariance(self)
Thetotal varianceassociatedto the�eld of anomalies

FromPyClimate1.2on,thereis anothermodulededicatedto PrincipalComponent
Analysis: hdseofs.py . It is intendedfor hugedatasetsandminimizesthe useof
memorysacrifyingexecutionspeedwith oneor two pythoncycles(thesearemadein
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C in themodulesvdeofs.py ). It is objectorientedandcanperformthecalculations
in two differentways.
Class: SIHDSEOFs
Method: SIHDSEOFs. init (self, iterator, tcode='d', therecords=None,corrma-
trix=0)
Constructorfor thesingleiterationapproach.Thedatasetto decompose(iterator can
beany indexableobject(e. g. list, Numpy array, a NetCDFiterator, ...). Somerecords
canbeskippedby passingexplicitly thesequencetherecordsdesiredto enterthecal-
culation.Thisapproachallows to calculatecorrelationmatrix basedEOFs.
Class: DIHDSEOFs
Method: DIHDSEOFs. init (self, iterator, tcode='d', therecords=None,corrmatr
ix=0)
Constructorfor the doubleiterationapproach.All argumentsof the constructorare
usedlike theSIHDSEOFsones.
Class: HDSEOFs
Motherclassfor bothhugedatasetEOFsconstructors.Do not instanciate,useSIHD-
SEOFsor DIHDSEOFs,instead.
Method: HDSEOFs.Eigenvectors(self,Neofs,pcscaling=0,svdsolver=LA.singular value decomposition)
EOFs,theeigenvectorsof thecovariance(correlation)matrix. Neofsis thenumberof
EOFsto return.pcscalingis thekind of PCscaling.Defaultsto 0, orthonormalEOFs.
Setthis parameterto 1 to obtainvariancecarryingorthogonalEOFs. The routineto
performtheSVD underlyingdecomposition(svdsolver) canbeselected.Defaultsto
LinearAlgebra'ssingularvaluedecomposition.
Method: HDSEOFs.PCs(self, Neofs,iterator, ir ecord,pcscaling=0)
Principal components. The numberof desiredcomponentsNeofs, the iterator to
projectontoto obtainthePCs(usuallytheoneusedto derivetheEOFs)andtheir ecord
of thecomponentto getmustbepassedto this method.Thepcscalingcanalsobese-
lected.
Method: WholePCs(self, Neofs,iterator, pcscaling=0)
SameasHDSEOFs.PCsbut asksfor al therecordsreturningthewholePCsinsteadof
eachrecordata time.
Method: HDSEOFs.Eigenvalues(self, svdsolver=LA.singular value decomposition)
Eigenvaluesof thecovariance(correlation)matrix
Method: HDSEOFs.MCTest(self, Neofs,iterator, subsamples,length)
MonteCarloteston thecongruence.Worksjust astheSVDEOFsversion.
Method: HDSEOFs.NorthTest(self)
Northerrorbars.Worksjust astheSVDEOFsversion.
Method: HDSEOFs.ScatteringMeasure(self)
Returnsthecovarianceor correlationmatrixdependingon theconstructor
Method: HDSEOFs.VarianceFraction(self,svdfunc=LA.singular value decomposition)
Total variancefractionaccountedfor eachprincipalmode
Method: HDSEOFs.Average(self)
Timeaverageof theoriginal �eld

8 SVD of coupleddatasets

TheSVD decompositionof thecovariancematrixof two datasetsis oneof thesimplest,
yetpowerful, methodto analyzethelinearrelationshipbetweentwo coupledgeophys-
ical datasets[1, 4, 10, 16]. Somefunctionsthat implementmostof thecomputations
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usuallyneededfor this analysisareprovidedin the�le svd.py . Oneexampleon the
useof thesefunctionsis in the�le testsvd.py .
Function: def svd(x�eld,y�eld)
Giventwo �elds ( (x�eld ) and ) (y�eld ), de�ned asin section7 (�rst dimensionof
the arrayis the temporalone), this function returnsthe SVD decompositionof their
covariancematrix

�

�

2

�

,

.

0

� . It returnsa tupleof threearrays � , � and � . Each
column � � holds the

�

–ethsingularvectorof the left ( ( ) �eld. Sameconventionis
followedby theorderingof elementsin � . � is a one–dimensionalarraywhich holds
thesingularvalues� � . Thesingularvectorsareorthonormal( � � H�� � ��� � H��:� �2F ��� )
andcanbeusedto linearlyprojecteachof the�elds to de�ne theexpansioncoef�cients

� � 5 �87 � �65 �87 H�� � and � � 5 �87 � 4�5'�87 H	� � whosecovarianceis thesameasthesingular
valueassociatedto thatmode A

� � 1
� � D � � � . Thedatasetsarecentered(samplemean
is removed) insidethe function prior to the SVD computation.NEW: Sinceversion
1.1,thedatasetsmayhavearbitrarydimensions,but theleadingonemustbetime.

As in the caseof EOF decompositionthe �elds can also be enteredas more–
than–two–dimensionalarraysandthe returnedmatriceswill be accordinglyreshaped
to avoid theuserto careabouttheinternaluseof two–dimensionalmatrices.TheSVD
patternsarereturnedasgeneralizedcolumnsin thesensedescribedin theEOFsection.
Function: def getcoefs(data,svectors)
Givena datasetdata ( ( or ) ) andthecorrespondingsetof singularvectors( � or � )
returnedby svd() , this functionreturnstheexpansioncoef�cients (� � or � � ) up to the
orderstatedby the evaluationof svectors.shape[-1])) . This, in fact, means
truncatingthe representationof the �eld at this number. This sameapproachis used
in thenext two routines.TheoutputNumericarrayshold thecoef�cients in eachcol-
umn. That is, the expansioncoef�cients associatedto the i –ethsingularvectorare:
coefs[:,i] .
Function: def getcoefcorrelations(scoefs,zcoefs)
Giventheleft andright SVD expansioncoef�cients returnsanone–dimensionalarray
containingthepairedcorrelationof thecorrespondingcoef�ents.
Function: def homogeneousmaps(data,svectors)
From the input datasetdata and the array svectors, returnsan array with as many
homogeneouscorrelationmaps( A

( 1��
� D or A

) 1
�
� D ) asendingsubarrays(singu-

lar vectors)arein svectors. Eachsubarraythemaps[...,imap] is the imap –eth
map.
Function: def heterogeneousmaps(xdata,ycoefs)
Fromtheinput datasetxdata andthearrayof expansioncoef�cients ycoefs, it returns
an array with as many heterogeneouscorrelationmaps( A

) 1 �
$

D or A

( 1��
$

D )
ascolumns(expansioncoef�cients) arein ycoefs. Theorderingof themapsis asde-
scribedin previousroutine.
Function: def SCF(sigmas)
This functionreturnsthesquaredcovariancefractionassociatedto eachsingularvalue,

scf$ �

�

&

�

��


�

&

�

from thearray � returnedby svd() .

Function: def CSCF(sigmas)
This functionreturnsthecumulativesquaredcovariancefractionassociatedto a setof

singularvalues,cscf$
�

�

$

�-;�<

�

&

	

�




�

&

�

, from thearray � returnedby svd() .

Function: def makemctest(Um,Vm,ldata,rdata,itimes,ielems)
This function performsa Monte Carlo test on the stability of the left singularvec-
torsUm andthe right singularvectorsVm obtainedfrom svd() or truncatedto the
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leadingones(Um.shape[-1]==Vm.shape[-1] ). It computesitimes simultane-
oussubsamples(ielems long each)of eachdata�eld ldata, rdata, andevaluatesthe
congruencecoef�cient of the mastersingularvectorsto thosederived from the sub-
samples.It returnsa tuple of NumericalPythonarrays(ucoefs,vcoefs) which
hold the congruencecoef�cient for eachsampleandeachU/V mastersingularvec-
tor (ucoefs.shape=(itimes,Um.shape[-1]) ). ielemsmustbesmallerthan
len(ldata) .

9 CCA (CanonicalCorr elation Analysis)

Canonicalcorrelationanalysiscanbeperformedby bpcca.py . This techniquegets
thepatterndecompositionof two �elds suchthatthecorrelationbetweenthetemporal
coef�cients of pairedpatternsis maximum.TheBarnettandPreisendorfer[1] approach
hasbeenimplemented.In thisapproachanEOFpre�ltering is performedandtheCCA
is carriedout in EOF–coordinates.Theuserneverdealswith thesecoordinatesbut can
customizesomefeaturesof theEOFdecomposition.

Theresultsarescaledfor thecanonicalexpansioncoef�cients to haveunit variance.
If thecolumnsof � and � arethecanonicalexpansioncoef�cients and � and � are
thecanonicalpatterns,the�elds * and � canbepartially (dueto theEOFpre�ltering)
recoveredas:

�

* �����	�

�

���
���
�

The internalcalculusarecarriedout by meansof singuarvaluedecompositionof the
principalcomponentcrosscovariancematrix.
Class: BPCCA
Method: BPCCA. init (left�eld, right�eld, retainedeofs=None)
Giventwo two–dimensionaldatasetsthisconstructorperformstheCCA decomposition
of the�elds. left�eld andright�eld aretheleft andright �elds respectively. Theuser
canspecifythe numberof EOFsto be retainedin each�eld asa tuple retainedeofs.
If no retainedeofsis speci�ed70%rule is used:EOFsareretaineduntil a 70%of the
varianceis explained.
Method: BPCCA.leftPatterns()
This methodreturnsanarraywhich columnsarethe left (thoseassociatedto the left-
�eld ) canonicalpatterns.
Method: BPCCA.rightPatterns()
Idemfor theright patterns.
Method: BPCCA.leftExpCoeffs()
This methodreturnsanarraywhich columnsarethe left (thoseassociatedto the left-
�eld ) canonicalcanonicalexpansioncoef�cients.
Method: BPCCA.rightExpCoeffs()
Idemfor theright coef�ients.
Method: BPCCA.correlation()
Givestheorderedcanonicalcorrelationsof theexpansioncoef�cients asanarray.
Method: BPCCA.varianceFractions()
Returnsa tuple containingthe variancefraction explainedby eachcanonicalpattern.
The �rst elementof the tuple is the arrayof fractionscorrespondingto the left �eld.
Thesecondoneis thatof theright �eld.
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Method: BPCCA.leftAdjointP atterns(self)
Returns(alongthelastdimension)theleft adjointcanonicalpatterns
Method: BPCCA.rightAdjointP atterns(self)
Returns(alongthelastdimension)theright adjointcanonicalpatterns
Method: BPCCA.EOFspaceLeftPatterns(self)
Returnstheleft canonicalpatternsin EOFcoordinates
Method: BPCCA.EOFspaceRightPatterns(self)
Returnstheright canonicalpatternsin EOFcoordinates
Method: BPCCA.reconstructedFields(self, nccps)
Reconstructstheoriginal �elds with thedesirednumber(nccps) of canonicalpatterns.
Method: BPCCA.MCTest(self, subsamples,length)
Monte Carlo testfor the temporalstability of the canonicalpatterns.The numberof
Monte Carlo subsamplesto take and the lenght of eachsubsample(obviously less
than the total numberod time records)must be provided. Returnsa tuple with the
left andright NumPyarrayscontainingin eachrow thecongruencecoef�cient of each
subsampleobtainedpatternswith thoseobtainedfor thewholedataset.
Method: BPCCA.MCTestCorrelation(self, samples)
Monte Carlo test for the signi�cance of the canonicalcorrelations. The input data
are randomlytemporallydisorderedand CCA is performedobtaininga distribution
of canonicalcorrelationsdueto nonactuallycorrelated�elds (but inherentlywith the
sameprobability distribution as the original ones)samplesis the numberof Monte
Carlo subsamplesto take. Returnsa Numpy array which columnsare the different
canonicalcorrelationsfor eachMC run.

TheBPCCA objectprovidesthe following accesibleatributes. They areonly su-
posedto be accesiblefor obtainingaditional info, alteringtheir valuescouldbe dan-
gerous:

BPCCA.sPCAIs sSVDEOFsobjectwith thePCAanalysisof theleft �eld.
BPCCA.zPCAIdemfor right �eld.

10 Multi variate linear �lters: LinearFilter.py

Filters areusedin climateanalysisto atenuatecomponentsof irrelevant frequencies
from abroadbandsignalandto selectthefrequenciesof interestfor theproblemunder
consideration.The simplestof these�lters arethe linear �lters andtwo of themare
provided: the Kolmogorov-Zurbenko �lter andthe Lanczos�lter . In thecurrentver-
sion,the�lter doesnothandlemissingvalues.
Both of them�lter thedataby weightingtheinput with coef�cients

=

$ thatdependon
the�lter:

4
�

�

�

�

$
;

�

�

=

$
�

$
�

�

This commonpart of the computationis carriedout by subclassingtheLinearFilter
class.
Class: LinearFilter
Method: LinearFilter .get�lter ed(i�eld)
Givenaninput �eld, thefunctionreturnsthe�ltered datacorrespondingto eachinput
record. This function mustbe called in an iterative way. The �lter hasbeenimple-
mentedwith performancein mind,sothat,in orderto avoid several iterationsthrough
a possiblylong dataset,it iteratesjust once,performinga multivariate�ltering to each
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record.Thismakesthatduringtheinitializationphase,theinternalrunningbuffer must
beinitialized (�lled) until valid valuescanbeobtained.During theinitializationphase
of the�lter , this functionreturnsNone. After theinternalbuffer is ready, thefunction
returnsvalid �ltered �elds until theuserarrivesat the�nal recordof theiteration.
Method: LinearFilter .reset()
Thismethodresetsthelinear�lter sothatit is ableto startcomputingwith adatasetof
a differentshapeavoiding thecreationof a new instanceof theclass.

10.1 KZ �lter: KZFilter.py

TheKolmogorov–Zurbenkodigital �lter is a verysimplebut powerful digital �lter . Its
featuresaredocumentedelsewhere[7, 13].
Class: KZFilter
Method: KZFilter . init (self,points,iterations,lowpass=1)
Default (andonly) constructor. points is an odd integer representingthe numberof
pointsin themoving average,while iterations is anintegerrepresentingthenumberof
timesthattheaverageis iteratedto geta betterdampingof thesecondarymaximums.
Whenthe�ag lowpassis false,the�lter instanceworksasa high–pass�lter .
Method: KZFilter .getcoefs(self)
This functionreturnsthecoef�cients thatarebeingusedin the�lter .
Method: KZFilter .cutofffr equency()
Returnstheapproximatecutoff frequency of the�lter .

10.2 Lanczos�lter: LanczosFilter.py

The Lanczos�lter is anothervery common�lter andits mathematicalpropertiesand
thealgorithmsfor thecompilationof thecoef�cients canbefoundfor instanceat [5].
Class: LanczosFilter
Method: LanczosFilter. init (self,�ltertype='bp', fc1=0.0,fc2=0.5,n=None)
Default constructor. �ltertype speci�es if the �lter is low (' lp'), high ('hp') or band
('bp') pass.Thecut-off frequenciesfor thebandpasscasearesetin fc1 andfc2. If the
�ltertype is setto ' lp' or 'hp' bothcut-off frequenciesmustbeequal.Band–pass�lter
will be assumedif the frequenciesaredifferent, regardlessyou have speci�ed other
typeof �lter!
Thenumberof differentcoef�cients to becalculatedis setwith theparametern. Even
thoughit hasa default value that is appropiatein the band–passcase,it is strongly
recommendednottousethedefaultvaluein any othercase(high–passor low–pass)[5].
Method: LanczosFilter.getcoefs(self)
As in section10.1this functionreturnsthecoef�cients thatarebeingusedin the�lter .

11 Differ ential operators: diffoperators.py

Someroutinesto computedifferentialoperatorson thespherespeciallysuitedfor cli-
mateanalysisareprovided.By now, they only processregularlatitude–longitudegrids.
Theoperatorsmake thecomputationsby meansof centereddifferences,exceptat the
borders,wherethey usebackward or forward differences.Periodicboundarycondi-
tionsaresupportedin thezonalaxis. All theoperatorsassumethattheinput �elds are
organizedaccordingto theCOARDS scheme([latindex,lonindex]), with otherdimen-
sions(time,verticallevel) prependingthelatitudeandlongitudeaxisof thearrays.
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Class: HGRADIENT
Method: HGRADIENT . init (self,lats,lons,asdegrees=1,PBlon=0)
This is the constructorfor the horizontalgradientcalculator. lats is a NumPyarray
whichholdsthelatitudescorrespondingto thegrid points,lonsholdsthelongitudesof
thegrid pointsandif theoptionalparameterasdegreesis setto true,it meansthatthe
input angularvariablesareexpressedasdegrees,not radians.PBlon is trueif periodic
boundaryconditionsare to be appliedin the longitudinalaxis. In this case,second
ordercentereddifferencesareusedin thewholezonaldomain.
Method: HGRADIENT .hgradient(self,h�eld,R=6.37e6)
Given asinput the horizontal�eld h�eld (

�

), get asa resulta tuple which holdsthe
zonalandmeridionalcomponentsof thegradienton thesphere(

�
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�
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� ). R
is assignedby default theradiusof theEarth.
Class: HDIVERGENCE
Method: HDIVERGENCE. init (self,lats,lons,asdegrees=1,PBlon=0)
Default constructor, with parametersde�ned asfor thegradientoperator.
Method: HDIVERGENCE.hdi vergence(u,v,R=6.37e6)
From the zonal(u) andmeridional(v) componentsof a vectorial�eld, �nd the hori-

zontaldivergence
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� � . Thefunctionreturnsabidimensionalarray
with thedivergence�eld.
Class: VCURL
Method: VCURL. init (self,lats,lons,asdegrees=1,PBlon=0)
Default constructor, with parametersde�ned asfor thegradientoperator.
Method: VCURL.vcurl(u,v ,R=6.37e6)
Fromthezonal(u) andmeridional(v) componentsof avectorial�eld, �nd thevertical

componentof thecurl operatoron thesphere,
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� � . Thefunction
returnsa scalar�eld with theverticalcomponentof thecurl of thevectorial�eld.

12 Multi variate and Univariate Kernel basedProbabil-
ity DensityFunction Estimation: KPDF.c

Histogramsareusefulandsimpleestimatorsfor theProbabilityDensityFunction(PDF)
associatedwith physicalor modellingexperiments.However, theestimationof PDFs
by meansof histogramspresentssomedrawbackslike the instability to the selection
of the bins (bin numberandbin origin) or the lack of derivability. Thus,it hasbeen
proposed[15] the useof a kernelbasedapproachto the estimationof the PDF. This
moduleprovidesfunctionsto performunivariateandmultivariatePDFestimation.The
relevantequationsfor this moduleare(2) for univariatedensityestimationand(3) for
multivariateseries.
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with � thenumberof points, � a scalarwhichholdsthebandwidthusedin theestima-
tion, (

� and "
� the experimentalpoints, � and � the pointswherethe PDF is being

estimated,
�

is the functionusedasthekerneland * is thescalingmatrix which can
optionallybeusedin themultivariateestimators,usually, thecovariancematrix.
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Function: def UPDFEpanechnikov(edata,gdata,h)
Returnsa NumPyarraywith thePDFassociatedto theexperimentaldataedataevalu-
atedat pointsgdata (NumPyarray, too) usinga bandwidthh. For this andnext func-
tions,edataandgdatamustbeNumPyarraysandthefunctionreturnsaNumPyarray
of typecodeFloat64.Thekernelusedin theestimationis aEpanechnikov one.It raises
TypeError if edataor gdata is not a 1-D NumPyarrayIt raisesMemoryError if
it is unableto allocatethereturnedarrayor sometemporalarrayswhichareneededas
working space.
Function: def UPDFBiweight(edata,gdata,h)
Sameasthepreviousfunction,but usea biweightkernel,instead(S86,Table3.1). It
raisesTypeError if edataor gdata is nota1-D NumPyarrayIt raisesMemoryEr-
ror if it is unableto allocatethe returnedarrayor sometemporalarrayswhich are
internallyneededasworkingspace.
Function: def UPDFTriangular(edata,gdata,h)
Sameas the previous function, but usinga triangularkernel function (seeS86, Ta-
ble 3.1) It raisesTypeError if edata or gdata is not a 1-D NumPyarrayIt raises
MemoryError if it is unableto allocatethe returnedarrayor sometemporalarrays
whichareinternallyneededasworkingspace.
Function: def UPDFOptimumBandwidth(edata)
Getanapproximationto theoptimumbandwidthby meansof equation3.28(S86).Un-
lessthereis abettersuggestion,it canbea goodstartingpoint. edatais, aspreviously,
a NumPyarray(internallyworksasFloat64).It raisesValueError if edatais nota
sourcesequence.
Function: def MPDFEpanechnikov(edata,gdata,h,Sm1=None,K=0.0)
Givenamultidimensional(dimension��� 


 

1��
� currently)experimentaldatasetedata

(NumPy array), evaluatethe PDF at each � -dimensionalpoint in the NumPy array
gdata, usingaradiallysymmetricbandwidth� . TheoptionalparameterSm1is a �

�

�

matrix (NumPyarray, too) which canbe usedto scaleeachof the directionsin the
edata andgdata arrays. Usually, the inverseof the covariancematrix of edata is a
goodselectionfor this parameter. It canalsobe None, in which case,no scalingis
appliedto the directionsin the � –dimensionalspace.K is a renormalizingconstant
which mustbe computedaccordingto the scalingde�ned by Sm1. If the inverseof
thecovariancematrix is selectedasSm1andthesquareroot of thedeterminantof the
covariancematrix is input asK, then,a Fukunagaestimatoris beingusedin the es-
timation (S86,Eq. 4.7). This functionusesa multidimensionalEpanechnikov kernel
(S86,Eq. 4.4) for the estimation. It raisesValueError if edata or gdata arenot
NumPyarrays.It raisesTypeError if h is not a number. It raisesValueError if
thedimensionalityof thedatasetsedataandgdata is not correctbecausethey exceed
theimplementedcapability, they arenot ”compatible”(for instance,oneis 2-D andthe
otherone3-D), or thescalingmatrix is notof theadequaterange(�

�

� ).
Function: def MPDFGaussian(edata,gdata,h,Sm1=None,K=0.0 )
SameasMPDFEpnechnikov, but usinga Gaussianmultivariatekernel(S86,Eq. 4.3).
It raisesValueError if edataor gdataarenotNumPyarrays.It raisesTypeError
if h is notanumber. It raisesValueError if thedimensionalityof thedatasetsedata
andgdata is not correctbecausethey exceedtheimplementedcapability, they arenot
”compatible”(for instance,oneis 2-D andtheotherone3-D), or thescalingmatrix is
notof theadequaterange(�

�

� ).
Function: def MPDFOptimumBandwidth(edata)
Providesa�rst guessto theoptimumbandwidth(S86,Eq. 4.14).It raisesValueError
if edatais nota sourcesequenceor if its dimensionsexceedcurrentcapabilities.
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Function: def MPDF2DGrid2Array(xdata,ydata ,fastestdim=0)
This function returnsan array of shape(len(xdata)*len(ydata),2) which
holds in a linear fashionthe grid de�ned by arraysxdata andydata. The optional
parameterfastestdimallows theselectionof thedimensionwhich grows faster(outer
oneby default) or inneroneif it is nonzero.
This functionalitycanbeobtainedby meansof otherstandardPythontechniques,like
usingcomplex calls to replicate() , concatenate() andmap() , or the new
featureof List comprehensionin Python2.0. However, this function is much more
ef�cient.
Function: def MPDF3DGrid2Array(xdata,ydata ,zdata,fastestdim=0)
This function is similar to MPDF2DGrd2Array in the sensethat it returnsan array
shapedlike(len(xdata)*len(ydata)*len(zdata), 3) whichholdsin alin-
earfashionthegrid de�ned by arraysxdata, ydata andzdata. Theoptionalparameter
fastestdim allows the selectionof the dimensionwhich grows faster(outer one by
default)or inneroneif it is nonzero.

13 Analog search

The moduleanalog.py allows to searchfor analogsin a dataarray. As usual,the
�rst dimensionof thearraysaresupposedto runin time,andgivenaspatialbasepattern
themodulesearchesthetimerecordof thedatamostsimmilarto thebasepattern.The
similitudecanbemeasuredin a principalcomponenttruncatedspaceor in a canonical
correlationone.For detailssee[8].
Class: EOFANALOG
Method: EOFANALOG. init (self, dataset,neofs=None,pcscaling=1)
Thisis theconstructorfor aPCA-spacesearch.A NumPyarraywith thelibrary dataset
(time is �rst dimension)mustbeprovided.neofsis thenumberof EOFsto retain.This
setsthe degreesof freedomof the searchspace. Defaults to the numberof EOFs
accountingfor a 70% of the total variance. The pcscalingof the EOFscanalsobe
set. 0 meansorthonormalEOFs(Mahalanobisdistance).1 meansstandardizedPCs
(spherizedsearchspace).Defaultsto 1.
Method: EOFANALOG.getCoords(self, �eld)
Returnsthecoordinatesof �eld in thePCAspace.
Class: CCAANALOG
Method: CCAANALOG. init (self, dataset,theotherdataset,neofs=None,spher-
ized=1)
This is theconstructorfor aCCA-spacesearch.Again,aNumPyarraywith thelibrary
dataset(time is �rst dimension)mustbeprovided. But, besides,theotherdatasethas
to bepassedto theconstructorto performtheCCA analysisandobtainpredictandre-
latedanalogs.This is actuallythetarget�eld to bereconstructedby theanalogs.neofs
is in this casea tuplewith thenumberof EOFsto retainin each�eld in thePCA pre-
�lter for theCCA. This setsthedegreesof freedomof thesearchspace(thesearethe
minimumof this tuple). Defaultsto thenumberof EOFsaccountingfor a 70%of the
totalvariancein each�eld. spherizedis abit (0 or 1,yesor not) indicatingif thesearch
is performedin anspherizedspace(1) or aninversecorrelationscaledone(0). Default:
1
Method: EOFANALOG.getCoords(self, �eld)
Returnsthecoordinatesof �eld in theCCA space.
Class: ANALOGSelector
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Method: ANALOGSelector. init (self, ANALOGobj, patterns,smoothing=1,weigh-
texp=2.0,report=””)
Thisis theconstructorfor anANALOGSelectorobject.Thisobjectis ableto selectthe
analogsof aseriesof basepatternsin a library which is speci�edby anANALOGobj
createdby instanciatinganEOFANALOG or CCAANALOG object.Thesmoothing
allows to searchmorethanoneanalogfor eachbasecaseandaveragethemweighting
with theinversedistanceto thebasecaseraisedto theweightexppower. If a �lename
is speci�ed in thereport optionalargument,a detailedreportof thesearchis written
on that�le.
Method: returnAverage(self, �eld=None)
Returnsthesimpleaveragereconstructed�eld (NOT weighted,even thoughyou had
speci�ed explicitly a weightexp). The optional argument�eld is to reconstructthe
analogsin a �eld different from the library dataset. The �rst axis dimensionmust
matchthatof thelibrary dataset.
Method: returnAnalogs(self, �eld=None)
Returnsthesingleanalog(smoothing=1) reconstructed�eld. Theoutputis exactly the
sameasthatof themethodreturnAverage()It' s justanotationmatter. Thereis noneed
to usethisspeci�c methodfor thecasesmoothing=1if youare,for instante,into a loop
overseveralsmoothingfactors.
Method: returnWeightedAverage(self, �eld=None)
Returnsthe weightedaveragereconstructed�eld. The optionalargument�eld is to
reconstructthe analogsin a �eld differentfrom the library dataset.The �rst axis di-
mensionmustmatchthatof thelibrary dataset.

14 Ef�cient array of numeric histogramas:NHArray.py

NHArray.py is apythonwrapperfor amoduleinternallywrittenin C whichprovides
multivariatehistograms.Themoduleallows to performa MonteCarlotestin a point-
wiseway, returningintegratedprobabilitiesfrom thehistograms.It is implementedas
a class.
Class: NHArray
Method: NHArray . init (self, xl, xu, nbins, elems)
Constructorfor the NHArray classThe lower (xl) andupper(xu) limits for the his-
togramsmust be provided along with the numberof bins (nbins). Numberof his-
togramsto be hold simultaneouslyhasalsoto be speci�ed throughtheparameterel-
ems.
Method: NHArray .Update(self, �eld)
Addsa new multidimensionalitem �eld to thehistogram.
Method: NHArray .GetDeltaX(self)
Returnstheincrementperbingiventhelowerandupperlimits speci�edandthenumber
of bins.
Method: NHArray .GetRange(self, prob)
Returnstherangeleaving anareaprob in eachtail of theof thehistogram

15 Other links

There are other packagesthat can be combinedwith Python, pyclimate, and the
otherpackagesthat have beenmentionedpreviously andwhich allow to easilybuild
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powerful data analysistools and programs. To namea few, for graphics,for in-
stance,thereexiststheposibility of usingDISLIN (http://www.linmpi.mpg.de/dislin/),
free for someplatforms. Thereis anotherset of statisticalfunctionsby G. Strang-
man(http://www.nmr.mgh.harvard.edu/NeuralSystemsGroup/gary/python.html). A
completerepositoryof Python programscan be found at the of�cial WEB server
(http://www.python.org)or Starship,(http://starship.python.net)theserverfor thecom-
munityof Python contributorsanddevelopers.

Specialmentiondeservetwo otherPython packagesdesignedto work with climate
data.Oneof themisCDAT, developedby theLawrenceLivermoreNationalLaboratory
(http://sourceforge.net/projects/c dat ), andtheotheroneis mtaCDF,
developedattheInstitüt fürMeereskunde,Kiel (http://www.ifm.uni-kiel.de –
/to/sfb460/b3/Products/mtaCDF.html ).
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