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1 Changelog

Versionl.2—-DecembeR002.

1. Correctedougs

(a) In modulebpcca.p, if thesecondeld wasnot two-dimensionalthe
programcrashedlt is alreadycorrected.

(b) Thelastcharactemn thelastlineof a le couldbemissedy readdat.p
if thelastline did notendin anew line. It is correctechow.

2. AddedanetCDFiterator Thisis anobjectwhich readsalist of lenames
(all of the COARDS-complianinetCDFtype)andis ableto iteratethrough
all therecordsn thelist of les. It hasmethoddike __len__and__getitem._
and get eld(), to handlethe iteratorandthe elds inside. It is a cheap
versionof ncrcat. Its main interestis thatundersomesystemgLinux, for
instance),les largerthan2 Gb mayproduceerrorsin the lesystem. This
way, they may be processeéssmallerchunksand,still, give the userthe
impressionof a single objectthat can be traversedby meansof a single
iteration.

3. HugedataseEOFs(hdseofs.p)

Is a versionof the EOF computing-coddor hugedatasetsinsteadof per
formingthe SVD of thedatamatrix, lik e svdeofs.y does,t simplyiterates
onceor twice overthedatasetdependingn thetypeinstantiatedlt builds
the covariancematrix andperformsa SVD of it. Then,afteriteratingonce
more over the datasetjt cancomputethe PCs. Otherbells andwhistles,
like Monte Carlo testsandthe North testor an automaticshape/unshape
mechanisnof the eigervectorsor eventhe possibility of thecall of a exter-
nal SVD solwver (not theonein LapackLite)arealsoincluded. It is useful
for Gigabyte-sizedlata,astheseproblemsaredif cult to solve by the pre-
viously available EOF-soher (svdeofs.p) dueto memoryconstraints.In
orderto ef ciently managethe memory it usesthe "memory-managing”
versionsof Numeric.add(),Numeric.reduce(and so on. However, it is
slower thanthe previous versionof the routinesand shouldonly be used
whenthedatasets very big.
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. Monte Carlotestfor the Barnett-Preisendorferersionof the CCA

We have addeda new Monte carlo teston the congruencecoefcient of
canonicalcorrelationpatternsof randomsubsamplesf the canonicalcor-
relationanalysisof elds by meanf the Barnett-Preisendorfapproach.

. Searchof analogdor downscalingpurposes
We performthe searchin the PCA spaceaswell asin the CCA space,
too. Mathematicaldetailscanbe foundin (Fernandeand Saenz,under
revision).

. Array of numericalhistogramgNHArray)

A specialmodulehasbeenwrittenin Cto allow theuseof arraysof numer
ical histogramdor Monte Carlotests. It is muchfasterthenthe iteration
over a multivariatedistribution of univariatehistogramsasthoseavailable
in Scienti c.Statistics.

. svdeofs.p

A new object-orientedront endto the EOFscomputation.Somemethods
have beenadded for instancetake a look in the manualat recontructed-
Field, unreconstructedFielgyrojectField

. Cleanemamespaces

We haveremoredALMOST all theimportsof thekind from XXXX import
* This meanspasically thatour codeis cleanerandthatit will not (hope-
fully) corruptyour namespaceshut it meansmorerequirement®n your
codeaswell. It canalsocreatesomeincompatibilitieswith olderversions
of PyClimate.However, in orderto leave the usernamespacecleaneywe
have adheredo 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 PyClimatel.1,but it will crashin PyClimatel.2. It worked
beforebecaus&lumericwasin yournamespaceéecaus@yclimate.ncstruct
importedit andfunctionssuchas'arange'wereautomaticallyin yournames-
pace.UnderPyClimatel.2,thisis nolongertrue.

To make the scriptrun underPyClimatel.2, you mustaddline of codeto
import Numericyourself

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 userto call
equallypyclimate.readdapyclimate.writedatndpyclimate.asciidatThis
is anobsolescerfeature.In acoupleof versiongabouttwentyyearsin the



future),pyclimate.asciidawill betheonly wayto accesall thesefunctions
andpyclimate.readdaandpyclimate.writedatvill disappear

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

10. writedat.jy formatstringargumenthaschanged bit

Blank spacesare managedby the writedat function, theres no needto
worry aboutthemin the 'formatstring' agument.

Version1.1.1-July2001.

1. Re-Correctedbugs.
(a) readdat.g bugon commentss now really corrected

2. Themainreasorfor thisreleasearethe changesn python2.1which cause
someof our modulesto crash. Namely comparisondike if a==None
havehadto berewrittenasif not a. Theaffectedmodulesarereaddat
ncstruct  andLanczosFilter

Versionl.1-June2001.

1. Correctedougs.

(a) Previousversionof svdeofs()  usedadenominatoof (N-1) to com-
putethevariancewhilst thedatasetswerestandardizedsingthesam-
ple variance(N) in the denominatar Thus, PCswereactuallyscaled
by thefactorsqrt((N-1)/N)andeigervalues(variancespy afactor(N-
1)/N. We areusingN in all denominatorsn this version.

(b) readdat.p is ableto handlecommentdike #Variance  of XXX
(without blankbetweerthe# andVariance ), which causedacrash
in previousversions.

2. To be ableto run properly underPython2.n, all exceptionstringshave
beenremoved and corvertedto exceptionclasses.All the exceptionsare
instance®f aroot class(PyClimateExceptionyvhich canbe printedwith
avery comprehensie messageia the__str__ method.Theexceptionshave
analternatve methodGetException¥lue(),which returnsthe mostimpor-
tantdatarelevantto eachexception.

3. The differential operatorshave beenextended. They canwork using pe-
riodic andnon periodicbhoundaryconditionsin the longitudinaldirection.
For latitudes,the previous approachlbackward andforward secondorder

nite differenceschemesis usedattheborders.In thecurrentversionthey
areabletowork using3D (Z,lat,lon)and4D (time,Z,lat,lon) elds arranged
accordingto COARDS corventions,not just 2D elds, like in PyClimate
1.0. This allows to computethe operationfor all the recordsin a dataset
(if it ts into memory)or for all thelevelsin arecordatatime.

4. A new modulewritedat.py providessimplefunctionsto write arrays
in a way that canbe directly invertedby readdat.py . Both modules
(writedat.py andreaddat.py ) have beenincludedinto ascii-
dat.py , althoughtthey canstill be called independentlyfor backward
compatibility.
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. A new modulebpcca.py providesCanonicalCorrelationAnalysiswith
anEOFpre ltering (Barnett—Preisendorf@pproach).

. Easierinterfacefor theroutineswhich computeEOFsandthe SVD decom-
position of coupled elds. The input datasetscan be arbitrarily shaped,
with theonly preconditiorthattheleadingaxisis thetime dimension.The

elds areautomaticallyreshapedhsidetheroutinesbeforereturning.Sim-
ilarly, the eigervectorsandsingularvectorsare automaticallyreshapedo
the original shapebeforereturningto the caller Somesimple functions
have addedo thesemodulegsvd.py andsvdeofs.py ).

. A new functiongetcoefcorrelations() hasbeenaddedo svd.py
to getthe correlationsof pairedSVD expansioncoefcients.
. A new functionpcseriescorrelation() hasbeenaddedo themod-

ule svdeofs.py  to getthe correlationpatternsbetweeneachprincipal
componentndtheoriginal eld.

. New versionsof the manualandthe testscover the previously described
changes.

We have slowly startedto provide __doc__ stringsto SOME (very few, yet)
of theroutines.

New functioncreate_bare COARDS() to create¢hebareminimumof
a COARDS compliantnetCDF le in ncstruct.py

Versionl.0-October2000.

1.

Improvedtests.They aremoreaccuratereliable,informative,comprehen-
sive anduselessdisk space.

. The packagecompilesusingdistutils . This featurehasbeenchecled

on FreeBSD Linux andOSFplatforms.

. Someminor typoscorrectedn thedocumentation.
. AddedKPDF.c , aextensiormoduleto estimataunivariateandmultivariate

kernel-basegrobability densityfunctions.

. Addeda classto computetheverticalcomponenbdf thecurl andthe diver

genceof anhorizontalvectorial eld in diffoperators.py

. DCDFLIB.C is currentlydistributedwith the package.

7. KZFilter.py hasbeencorvertedinto a generapurposd_inearFil-

ter.py  which holdsthe basicoperationsof ary linear Iter. Thereare
two differentsubclassesurrently the Lanczos lter [5] andthe previous
Kolmogoro/—Zurbenlo Iter , KZFilter.py

Installation

2.1 Download

Thepackages freelyavailablefrom theof cial websitehttp://www.pyclimate.org
asatargz
previousrelease®f the packagearealsoavailablefrom the website.

sourcele. Eventhoughfull backwardcompatibilityis keptwhenpossible,



2.2 Prerequisites

Many of the functions developedin this packagehave beenbuilt over other freely
distributedpackagesndlibraries. So, beforeinstallingthis packagethe next software
is needed:

Python interpreteiitself, freely availableat:
http://www.python.og

TheNumericextensiongo Python, freely availableat:
http://sourcefage.net/prgects/nunpy

KonradHinsens Scienti ¢ Python, availableat:
http://starship.pthon.net/crev/ hinsen

ThenetCDF library, freely availableat:
http://www.unidata.ucaedu

Versiongprior to PyClimate 1.0requiredDCDFLIB.C 1.1library, too,whichis freely
availableat: http://odin.mdacc.tmc.edu/anonftp/pag e 3.html . The
currentversionof the packagelistributesthe sourceanddocumentatiorof this library
to easetheinstallationof PyClimate. In casetheoriginal C les of someof theexten-
sionswereedited,D. Beazlg's SWIG (http://www.swig.og) will be neededo create
thePython interfaceto the C routines.The SWIG sourceles (*.i ) aredistributedin
thesubdirectoryswig .

2.3 Compilation

Sinceversion 1.0 pyclimate is distributed using distutils . Thanksto Alberto
Garda for his helpin settingup the setup.py  script. After downloadingthe le

PyClimate-1.0.tar.gz , Youshoulddecompressajntarandinstallit. The UNIX

commandseededire:

gunzip PyClimate-1.0.tar.gz

tar xf PyClimate-1.0.tar

After thesesteps,go into the main directory of pyclimate anda typical installation
commands:

For a generalnstallation(root passwrodequired):
python setup.py install

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

In this lastcase you will have to setmanuallythe valueof the ervironmenalvariable
PYTHONPATHD be ableto accespyclimate. The scriptpyclimatetest.py in

thetest directoryrunsa testthat coversmary of the routinesin the package(see
subsectior?.4).

2.4 Test

After installingthe packagea usermaybeinterestedn knowing if it is working prop-
erly. Thereis a script which makes extensize use of the functionsin pyclimate in



thesubdirectorytest . This script(pyclimatetest.py ) comparegheresultsob-
tainedaftertheinstallationwith the onesobtainedandchecledduringthe development
andextensive checkingof the package.Thus,python  pyclimatetest.py runs
thetestsandcompareghe outputwith the datastoredin le reference.cdf . The
outputof thescriptis quiteinformative. Hereis shovn a excerptof the output:

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

| .
I

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 dueto the fact that the control usedis of the type if
rms!=0.0): , whichis notaccurateenough.The secondcolumnshavs whichis the
measuraisedo evaluatethedifferencesUsually RMS errorsareused put congruence
coefcients (G.i _i ) arealsousedto evaluateerrorsin EOFs(andrelatedquantities,
like PCs,expansioncoefcients for SVD analysisor heterogeneousndhomogeneous
correlationmaps)dueto the factthatboth and  arevalid solutionsof the eigen-
valueproblem. Thethird columnstateghe nameof the netCDFvariablewhich holds
thereferencalataandthefourth columnshownsthevalueof theerrormeasurdRMS or
congruenceoefcient). For the specialcaseof congruenceoefcients, alastcolumn
(dG) shaws the difference to let the userknow thereal differencefor those
lineswith a X asthe rst character

Thenew testsin versionl.1haveincreasedhesizeof reference.cdfo 1.6 Mb. There-
fore, it is not currentlydistributedwith pyclimate , andthe distribution still ts in
a oppy disk (or two, if you downloadthereferencele andgzip -9 it rst). The
testscript canretrieve the le from the URL, and, additionally the le canalways
be downloadedfrom the primary WEB sener http://www.pyclimate.org

python pyclimatetest.py -g forcesthe retrieval of the referencele from
its URL.
python pyclimatetest.py will usuallybe calledwithoutcommandine ar-

guments,andit performsthe comparisons.However, if a userdetectsthat with her
hardwareor softwaresheis gettingdifferentresults(for instancephasesn EOFs)and
sheprefersto have her own reference.cdf le, shecanusethe commandline
option-o to overwritethereferencele. It is notadvisableto do this unlessthe cor-
rectnes®f pyclimate hasbeenexaminedatleastonceafterthe primaryinstallationin
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 the directoryexamples of thedistribution, andyou can
print them,if you don't mind usingpaper Anotherdifferentsourceof informationon
theuseof the packagecanbefoundin the pyclimatettest.py le, whichcovers
mostof thefunctionsin the packageusingreal-lifedatasets.



3 10 functions

3.1 ASCII les: asciidat.py
3.1.1 readdat.py

Themaingoalof le readdat.py is to provide asetof functionsto handlelO from
ASCII les. TheASCIl les mustbewrittenin thewaygnuplot les are,but notall
of thegnuplot —compliantles arereadableEachrow in the le isarow of theoutput
data.Lineswhoserst tokenis a# arecommentgor thesefunctions.No commentsre
allowedatthetail of aline. Emptylinesareallowed,but they arediscardedindnotused
to separatelatasetin the le. Bettersupporffor thesefeaturesexistsin otherpackages
for Python, like M. Haggertys Gnuplot or thelO functionsin K. Hinsens Scienti ¢
Python. The interestof this le is thatit allowsto read les with complex numbers
andotherdatatypes,a featurethatis not supportedoy the mentionedles. Comple&
numbersare written as: real,imag , ,imag orreal, in theinput le, with no
blankspacegnortabs)separatinghememberf a complex number Examplesof use
of theseroutinescanbefoundin le exiofuncs.py

Function: defreaddat(fname,typecode=None)

Readsall the datain the le fname andreturnsa bidimensionaNumPyarray of the
sameshapeasthedatain theoriginalarrayandwith atypecodegivenasFloat64 by
default(Complex64 in caseéherewerecomplex elementsn the le). If theparameter
typecodeis explicitly assignedtheoutputarrayis coercedo thattype. If the le to be
readcontainsonly onerow or columnof datathereturnedarrayis one—dimensional.
Function: defreadcol(fname,col=1,typecode=None)

In thiscasethecol-ethcolumnis readandreturnedasa onedimensionaNumPyarray
The numberingof columnsis not accordingto Python's schemeput to gnuplot ‘s
oneinsteadthatis, from 1 to N. Thetypecoercionworksasin the previousfunction.
Function: defreadcols(fname,cols=[1],typecode=None)

Similar to readcol , but readsfrom the le fhname andreturnsa —dimensional
NumPyarray where is the lengthof the sequencebjectcols. The type coercion
worksasin the previoustwo functions.The columnsarereturnedn the sameorderas
they appeaiin cols

Function: defreadlDdat(fname typecode=None)

Similartoreaddat , but evenif the ASCII le hasseveralcolumnsthey arereadrow
by row asa 1D array This allowsto read les with aninequalnumberof columnsin
eachrow.

Function: defreadstdin(typecode=None)

Similar to readdat , but readsfrom the standardnput. Allows to pipe your python
scriptto the outputof anothemprogram.

3.1.2 writedat.py

As areaddat.py relatedtool is providedwritedat.py . A NumPyarraycanbe
directly written in away thatcanberecoveredwith readdat.py . This providesan
easywayto passarraysfrom oneprogramto anothemwith humanreadablentermediate
les.

Function: defwritedat(fname, matrix, header="", formatstring="%g")

The nameof the le to becreateds passedisthe rst agumentfname. If the le al-

readyexistsit will beoverwrittenwithoutprompting.Oneandtwo—dimensionaarrays
canbewritten andthey arepasseasthe secondargumentmatrix to thefunction. All



otherargumentsareoptional. A headeicanbe speci ed, but the usermusttake careof
writing a# at the beginning of eachline. Finally, the outputformatcanbe controlled
by passinga formatstring. Thedefaultformatstringis "%g".

3.2 netCDF les

To accesetCDF les, pyclimate usesthe excellentnetCDFpackagen K. Hinsens
Scienti ¢ Python. Two specialfunctionshave beenbuilt ontop of K. Hinsens inter-
faceto make the useof structurechetCDF les easierandthey areincludedin the le
ncstruct.py

Function: def nccopystruct(name,inc,dims,ars,varcontents)

This function replicatesthe structureof a Corventions—complianhetCDF le (see
COARDS corventionshttp://www.unidata.ucar.edu ). Thesecorventions
usually imply the de nition of a setof variableslike latitude, longitude or vertical
level and someauxiliary attributeslik e units or the numbersassignedo the missing
valuesor scaleand offset valuesfor packing. This function helpsin the creationof
structuredbutput les from aninput datasetvithout having to individually copy ALL
of the global attributes, auxiliary variablesandtheir attributes. In casea history
attribute existed, it is updatedwith the dateandthe nameandargumentsof the calling
program. The function returnsa netCDF le objectreadyto be used. This function
opensthe existing netCDF le with the'w' ag, overwriting ary existing le with the
samename.Parametenameis the nameof the outputdata le to be createdinc is the
inputNetCDF le whosestructuresto bereplicated dimsis asequencef dimensions
of theinputdata le which areto be copiedontotheoutputdata le. vars is a sequence
of variablesto be copiedonto the outputdata le without copying the contents just
thedeclarationtype, structureandcommentsvarcontentsis a sequencef variables
in the parameterars whosestructureand contentsare to be copiedfrom the input
datasetThefunctionexiofuncsnc.py shavs examplesof useof this function.
Function: createbare COARDS(ncname,tdat=None, zdat=None, latdat=None,
londat=None)

This function createsa bare—minimumCOARDS-complianinetCDF le. ncnameis
thenameof theoutput le thatis beingcreatedtdat is None or atuplewith rst ele-
menttheNumPyarrayof itemsto beheld (Nonefor arecordvariable)andwith second
elementn thetuplethe unitsattribute of the createdime variable.If tdat is None,no
time variablenor dimensionwill be created.zdat is a tuple with two elements.The
rst oneis the NumPyarray of vertical levels. The secondoneis the units attribute
of the verticallevels. If zdata is None, no vertical dimensionis created.latdat is a
NumPyarrayof latitudes. The units attribute is alwasysetto “degreesnorth”. If this
parameteis None, no latitudinal dimensionis created.londat is a NumPyarray of
longitudes.The units attribute is setto “degreeseast”. If this parameteis None, no
zonaldimensioris created.

From PyClimate1.2 on, a nev moduleto handleNetCDF les hasbeenadded:
nciterator.py . It allows to accesamultiple NetCDF les containingthe same
variablefor differenttimes(e. g. the NCEP distributesthe datain a NetCDF le per
year)transparentlynot caringaboutin which le is therecordyouwantto read.
Class: nciterator
Method: nciterator._init __(self, namelist, tvarname)
Defaultconstructornamelistis alist with thenameof the les to includein theiterator
tvarnameis the NetCDFvariablename(it mustexistin all les in namelist).



Method: nciterator._len__(self)

Returnthetotal numberof records.

Method: nciterator.get eld(self, varname,ir ec)

Returnsa NumPyarraywith the variablevarname correspondingo the globalrecord
irec Particularly, askingfor varname="time” thetime positioningof the recordcan
beobtained.

Method: nciterator.getncitem(selfir ec)

LocategheNetCDF le whichcontaingheglobalrecordir ecandreturnsit asanopen
NetCDFFileobject.

Method: nciterator.getncrec(selfir ec,inc)

Returnghelocal recordof the NetCDFFileinc correspondingo theglobalrecordir ec

4 Time handling routines

One of the problemsthat researcherin climate analysisare usually facedto is the
needto positiontheir obsenationsaccuratelyin time. The le JDTime.py provides
somefunctionsto facethis problem. It doesnot intendto provide a completesetof
datehandlingroutines.In particular all the computationsasumeJUTC time—zoneand
no DST functionsareincluded(M.A. Lemhurg's mxDate providessomeof theseex-
trafeatures)JDTime.py allowsfast,accurateandeasydateprocessingrom Python
withouttheneedof extrapackagesA veryinterestingieatureis thepossibilityof easily
usingmonthlyintervals by meansof the functionmonthlystep() , computedrom
thede nition of atropicalyearwith thesamevalueusedin Unidatasudunits.dat
sothat the time valuescreatedthis way canbe correctlyreadand interpretedby the
SDFinterfacein plotting programsas GrADS. The datearithmeticis carriedout by
meanf JulianDaysstoredasdoubleprecision(Float64)numbers.Corversionfunc-
tionsto datestructuresareprovided by meansof a C extensionbasedon astronomical
algorithms[6]. The le exjdtime.py providessomeexamplesof the useof these
functions. The algorithmdoesnot supportdatesbeforethe startof the Gregoriancal-
endar(1582-10-15).In particular this meansthatyou cannot properlyrecover dates
from someof the NCEP ReanalysisetCDF les, which startat 1-1-1,a datenotin-
cludedin the Gregoriancalendar

Class:JDTime

Integermembersyear, month, day, hour, minute.

Doublemember:second

Thepreviousmembersanbedirectly accessefrom Python.

Function: defdate2jd(jdt)

FromaJDTime structurgdt, getthe JulianDay numberasa double.

Function: defjd2date(jd,jdt)

GivenaJulianDayjd, getthe brokendatestructurgdt .

Function: def monthlystep()

Returnthe numberof Julian Daysin a month, thatis, numberof tropical daysper
year(365.24219878)ldivided by twelve. This providesadequateccuray for dates
during the instrumentalpart of the climate record. However, this approachposesa
problembecausef the truncationproblemthat appearsiueto the differentlengthof
the months. Whenusingthis approximationsomemonthsarelongerthanothersand
this meanghatoneof thetime stepsmaybein the rst dayof onemonthandthe last
stepon the lastday of the samemonth (if monthis longerthan30.43days). To avoid
thistruncationproblem theorigin shouldbe setto day 15thof thestartingmonth. This



way, for every record,the rst two elds of the datestructure(yearand month)will
be adequatelyesohed by jd2date() . This canbe easily explainedwith 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 asecondle thatallowsthehandlingof COARDS complianttime variablesn

netCDF les, JDTimeHandler.py

Class: JDTimeHandler

Function: def __init __(self,units)

The creatorparsesa COARDS—typeunits attribute of the netCDFtime variable (ex:

hours since1958-01-010:0) andcomputeghe offsetandthe scalefactorto get Julian
Daysfrom thenetCDFtimevariablefor eachrecord.

Function: def getdate elds(selftvalue,listlen=6)

This methodscalesthe value of tvalue usingthe scalingfactor correspondindo the
units attribute andaddsthe offsetcomputedrom the units attribute, gettingthe Julian
Day correspondingo the time coordinatetvalue. The Julian Day valueis usedto

createa brokendatestructure andits values(yearmonth,dayhour,minute,secod) are
returnedasalist, with asmary membersasthoserequestedby listlen.

Function: def gettimevalue(selfdate elds,listlen=6)

This functionis theinverseof the previousone. It creates JulianDay from thevalues
in thelist date elds (asmary valuesasthevalueof listlen), computegshe offsetfrom

the origin of coordinatesand scalesthe valueto the units correspondindo the units
attribute of the time variable usedto 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 are creatinga netCDF le from

scratch,t is moreaccurateandfastjustto addequaltime intervalsusinga x edtime
stepfrom recordto record.

5 Distrib ution functions
DCDFLIB.C 1.lis alibrary of C Routinesfor Cumulatie Distribution Functionsde-

velopedby BarryW. Brown, Jamed ovatoandKathy Russell Departmenbf Biomath-
ematics,The University of Texas,M.D. AndersonCancerCenter Thelibrary allows
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thedeterminatiorof cumulative distribution functions,inversesandthe parametersf

thefollowing statisticaldistributions: Beta,Binomial, , Noncentral , , Noncen-
tral , Gamma,Negative Binomial, Normal, Poisson,Students andNoncentral .

The le pydcdflib.py providesaccesgo this library from Python. For eachone
of thesedistributions, a classhasbeencreatedthat wrapsthe parametersn the call

to the functionsof this routine and someC functionsthat wrap the original C calls
to make them available to the Python interpreter The samenameshave beenused
in the wrappingof the parametersso that the original documentatiorof the DCD-

FLIB.C library is valid for eachof the classesn this Python extension. The classis

passedo a function with the samenameof the original one (with py prependedo

the nameof the wrapperfunction). The elds of eachclassareupdatedby the wrap-
per functions. The codeof the original C library is untouched.Exampleson the use
of thesewrapperscanbe obtainedfrom thetestDCDFLIB.py  scriptin the source
directoryof the distribution andfrom the enclosedexdcdflib.py le. Thereis an
errorwhencomputingthe parameter$or the F distribution usingthe valuewhich=3 .

This seemdo be linked to the propertiesof the F distribution and, in caseit werea

bug, it alsoexistsin theoriginal DCDFLIB.C, asthe sameproblemappearsisingthe
C le testF.c , providedin thesourcedirectory The documentatiorof the original

DCDFLIB.C library is distributedwithin thedoc subdirectoryof the distribution.

6 Simple multi variate statistical tools

The maingoal of le mvarstatools.py is to provide someroutinesthat are be-
ing usedby otherslike svdeofs.py . However, someof themmay beinterestingoy
themseles,andthey arethusdocumentedh this section.

Function: def center(dataset)

Given aninput multivariatedatasetvith arbitrarydimensions (with the restriction
that rst dimensionis time), this function returnsthe centereddataset ,

with thesampleaverage _
Function: def standardize(dataset)
Given aninput multivariatedatasetvith arbitrarydimensions (with the restriction
that rst dimensionis time), this functionreturnsthe standardizedataset _

with  thesamplestandardieviation
Function: def covariancematrix(X,Y)
Giventwo inputdatasets and , with rst dimensiontime andseconddimension

spacethis functionreturnsthe S—-modecovariancematrix

Function: def correlationmatrix(X,Y)

Giventwo input datasets and , with rst dimensiontime and seconddimension

spacethis functionreturnsthe S—-modecorrelationmatrix — from thestandard-

ized and datasets.

Function: defdetrend(dataset,talues,order=1)

Fromtheunivariate time seriegddataset thisfunctionreturnsatuple(detrended,trend-

coefs) Thetrendis computedadjustingby meansof linearleastsquares polinomial
to thedata,where is order. Thetuple holdsthe detrendedime

seriesasthe rst memberandthethetrendcoefcients  asthesecondelementf the

tuple.

Function: defcongruence(pattenl,pattern2)
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Giventwo spatialpatternspatternl () andpattern2 (), this function returnsthe
congruenceoefcient — [3,14].

7 EOF analysis

A subroutineis providedin the le svdeofs.py to performthe decompositiorof a
datasein its spatialeigervectorg Empirical OrthogonaFunctions EOFs) thefraction
of varianceexplainedby eachmodeandits temporalexpansioncoefcients [12, 16]
(PCs). Oneof the problemsof this techniquein climatologicalanalysisis the singu-
larity of covariancematriceswhenthe numberof spatialdegreesof freedomis bigger
than the numberof temporalsamples. To avoid this problem, the routine is based
on the SVD decompositiorof the datamatrix . For this implementation,
meansa temporalsampleand agrid point or observingsite.
Correctiongerivedfrom quadraturer areafactorg2, 11] mustbeappliedprior to this
routine. Thereis anexampleon the useof thesefunctionin le exsvdeofs.py
Sinceversion1.1, the input datasetmay be arbitrarily shapedwith the only re-
strictionthattheleadingaxismustbethetime axis.
NEW: Sinceversionl.2,theEOFanalysishasbeenre—implementedsingobjects
to avoid giving redundantnformationto thefunctionsof themodule.Pleasereferto a
previousversionof the manuatlto getinformationaboutthe previous syntax(which is
alreadyavailablefor backward compatibility).
Class: SVDEOFs
Method: SVDEOFs._init __(self, dataset)

Givenatwo dimensionatlataset asdescribedbove, this constructocomputes
., is a matrix, whereeachcolumn is a vector of
length andis the —ethPCof the eld. Eachelement in the onedimensional
array , is the varianceaccountedor by the —ethcomponent.Finally, the matrix

hasascolumnseachof the eigervectors(EOFs)of the dataset.The
maximumnumberof EOFs( ) will be , dependingn therankof the data
matrix. Theinput datasets centeredmeanremoved)insidetheroutine.
Method: SVDEOFs.eofs(selfpcscaling=0)
Returnsthe empirical orthogonalfunctions. Fromversion1.1 pyclimate  supports
multidimensionaldatasetprovidedthatthe rst dimensionkeepsbeingthe temporal
one. In that casethe EOFsarereturnedstoredasgenerlized columns(ie: they can
berecoveredas - insteadof - ) andtheir spatial
shapds thatof the original eld. This approachs backwardscompatiblewith previ-
ousversionsbut is more e xible for the user If the pcscalingis setto 0 the output
eigernvaluesarescaledasvariancesthe PCs  arescaledsothattheir varianceis the
varianceaccountedor by eachcomponentandthe eigervectorsareorthonormalj.e.

. If thepcscalingis setto 1 theoutputPCshave unit

varianceandthe elgervectorsareno logerorthonormabut just orthogonal.
Method: SVDEOFs.pcs(selfpcscaling=0)
Returntheprincipalcomponentsf the eld. Seethepreviousmethodfor thebehavior
inducedby a pcscalingdifferentfrom the default (0).
Method: SVDEOFs.eigernalues(self)
Thedecreasingariancesssociatedo eachEOF
Method: SVDEOFs.eofsAsCorelation(self)
Returnthe EOFsscaledasthe correlationof the PCwith the original eld. It usesthe
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formula:

where isthetime seriesatthe -th site. The correlation elds of the original time
serieswith eachPCarereturnedasgenerlizedcolumns

Method: SVDEOFs.eofsAsExplaineddriance(self)

Returnthe EOFsscaledasfractionof explainedvarianceof the original eld

Method: SVDEOFs.\arianceFraction(self)

Returngthefractionof variance associatedio eachof the eigerval-
ues.

Method: SVDEOFs.northTest(self) -

Teststhe degenerag of eigervaluesaccordingto ——. It returnsthe array

of values . In casethat for a pair of eigervalues
, both member=f the pair shouldbe mantainedor removed simultaneoushjin
thefactorization11].
Method: SVDEOFs.bartlettTest(self)
Testthe hypothesighatthelast eigervaluesareequalby meanf thestatistic[9]:

@)

It is distributedasa  with - degreesof freedom. is the
degreesof freedomof the covariancematrix. The function returnsa tuple of arrays
(eachof themoneitem shorterthan ), ( , ). The rst elementof thetupleis an
arraywith thevaluesof  obtainedrom eqn(1), while thesecondelementholdstheir
probabilities.This testis usuallytoo liberal andtendsto overfactor[9].
Method: SVDEOFs.MCTest(self subsamples|ength, neofs=None)
This function tests,by meansof a Monte Carlo test[3], the stability of the EOFsto
temporalsubsamplingf the original dataset.This methodbuilds severalsubsamples
chosingthe recordsin the original dataseiat random. The subsamplegre of length
length, which mustbe smallerthanthe length of the original dataset. The function
returnsa Numericarrayof shapgsubsamples, neofs ) which holdsthecongru-
encecoefcients of themastefwholesampleandperturbedsubsamplegigervectors
for eachsubsampl@ndeigervector
Method: SVDEOFs.projectField(self neofs,X=None)
Projectsa eld X ontothe neofsleadingEOFsreturningits coordinatesn the EOF-
space
Method: SVDEOFs.reconstructedField(selfneofs)
Reconstructsheoriginal eld usingneofsEOFs
Method: SVDEOFs.unreconstructedField(selfneofs,X=None)
Returnghepartof the eld NOT reconstructethy neofsE OFs.neofsis the numberof
EOFsfor reconstructinghe eld. X is the eld to try to reconstruct.Defaultsto the
data eld usedto derivethe EOFs.
Method: SVDEOFs.totalAnomalyVariance(self)
Thetotal varianceassociatedo the eld of anomalies

FromPyClimatel.2 on,thereis anothemodulededicatedo PrincipalComponent
Analysis: hdseofs.py . It is intendedfor huge datasetsand minimizesthe useof
memorysacrifyingexecutionspeedwith oneor two python cycles(thesearemadein

13



Cin themodulesvdeofs.py ). It is objectorientedandcanperformthe calculations
in two differentways.

Class: SIHDSEOFs

Method: SIHDSEOFs._init__(self, iterator, tcode='d", therecords=Nonegcorrma-
trix=0)

Constructoffor the singleiterationapproach.The dataseto decomposéiterator can
beary indexableobject(e. g. list, Numpy array a NetCDFiterator, ...). Somerecords
canbe skippedby passingxplicitly the sequencéherecordsdesiredto enterthe cal-
culation. This approactallows to calculatecorrelationmatrix basedEOFs.

Class: DIHDSEOFs

Method: DIHDSEOFs.__init __(self, iterator, tcode='d', therecords=Nonegorrmatr
ix=0)

Constructorfor the doubleiteration approach. All agumentsof the constructorare
usedlikethe SIHDSEOFsones.

Class: HDSEOFs

Motherclassfor both hugedatasetEOFsconstructorsDo notinstanciatepyseSIHD-
SEOFsor DIHDSEOFs,instead.

Method: HDSEOFs.Eigevectors(self Neofs,pcscaling=0svdsoher=LA.singular value_decomposition)
EOFs,the eigervectorsof the covariance(correlation)matrix. Neofsis the numberof
EOFsto return.pcscalingis the kind of PCscaling.Defaultsto 0, orthonormaEOFs.
Setthis parameteto 1 to obtainvariancecarrying orthogonalEOFs. The routineto
performthe SVD underlyingdecompositior(svdsolher) canbe selected.Defaultsto
LinearAlgebras singularvalue decomposition.

Method: HDSEOFs.PCs(selfNeofs,iterator, ir ecord, pcscaling=0)

Principal components. The numberof desiredcomponentdNeofs the iterator to
projectontoto obtainthe PCs(usuallytheoneusedio derivethe EOFs)andtheir ecord
of the componento getmustbe passedo this method.The pcscalingcanalsobe se-
lected.

Method: WholePCs(self, Neofs,iterator, pcscaling=0)

SameasHDSEOFs.PCsut asksfor al therecordsreturningthe whole PCsinsteadof
eachrecordatatime.

Method: HDSEOFs.Eigewvalues(selfsvdsoher=LA.singular _value_.decomposition)
Eigervaluesof the covariance(correlation)matrix

Method: HDSEOFs.MCTest(self Neofs,iterator, subsamples|ength)

Monte Carloteston the congruenceWorksjust asthe SVDEOFsversion.

Method: HDSEOFs.NorthTest(self)

North errorbars.Worksjust asthe SVDEOFsversion.

Method: HDSEOFs.ScatteringMeasue(self)

Returngthe covarianceor correlationmatrix dependingon the constructor

Method: HDSEOFs.\arianceFraction(self, svdfunc=LA.singular_value_decomposition)
Total variancefractionaccountedor eachprincipalmode

Method: HDSEOFs.Arerage(self)

Time averageof the original eld

8 SVD of coupleddatasets
TheSVD decompositiomf thecovariancematrix of two datasetss oneof thesimplest,

yet powerful, methodto analyzethelinearrelationshipbetweertwo coupledgeophys-
ical dataset$1, 4, 10, 16]. Somefunctionsthatimplementmostof the computations

14



usuallyneededor this analysisareprovidedin the le svd.py . Oneexampleonthe
useof thesefunctionsis in the le testsvd.py
Function: defsvd(x eld,y eld)
Giventwo elds (xeld)and (yeld), de nedasin section7 ( rst dimensionof
the arrayis the temporalone), this function returnsthe SVD decompositiorof their
covariancematrix ——. It returnsatuple of threearrays , and . Each
column holdsthe —ethsingularvectorof theleft ( ) eld. Samecorventionis
followedby the orderingof elementsn . is aone—dimensionarraywhich holds
thesingularvalues . Thesingularvectorsareorthonormal )
andcanbeusedto linearly projecteachof the elds to de ne theexpansiorcoefcients
and whosecovarianceis the sameasthe singular
valueassociatetb thatmode . Thedatasetsrecenteredsamplemean
is removed) inside the function prior to the SVD computation.NEW: Sinceversion
1.1,thedatasetsmayhave arbitrarydimensionsbut theleadingonemustbetime.

As in the caseof EOF decompositionthe elds can also be enteredas more—
than—two—dimensionaarraysandthe returnedmatriceswill be accordinglyreshaped
to avoid the userto careabouttheinternaluseof two—dimensionamatrices.The SVD
patternsarereturnedasgenealizedcolumnsn the sensalescribedn theEOFsection.
Function: def getcoefs(data,sgctors)

Givenadatasetlata( or ) andthecorrespondingetof singularvectors( or )

returnedby svd() , thisfunctionreturnstheexpansioncoefcients ( or ) uptothe
order statedby the evaluationof svectors.shape[-1])) . This, in fact, means
truncatingthe representationf the eld at this number This sameapproachis used
in the next two routines. The outputNumericarrayshold the coefcients in eachcol-

umn. Thatis, the expansioncoefcients associatedo thei —ethsingularvectorare:
coefs[:,i]

Function: def getcoefcorrelations(scoefszcoefs)

Giventheleft andright SVD expansioncoefcients returnsan one—dimensionarray
containingthe pairedcorrelationof the correspondingoefents.

Function: def homogeneousmaps(data,gectors)

From the input datasetdata and the array svectors, returnsan array with as mary

homogeneousorrelationmaps( or ) asendingsubarraygsingu-
lar vectors)arein svectors Eachsubarraythemapsy...,imap] is theimap —eth
map.

Function: def heterogeneousmaps(xdata,ycoefs)

Fromtheinput datasekdata andthe arrayof expansioncoefcients ycoefs it returns
an array with as mary heterogeneousorrelationmaps( or )
ascolumns(expansioncoefcients) arein ycoefs The orderingof the mapsis asde-
scribedin previousroutine.

Function: def SCF(sigmas)
Thisfunctionreturnsthesquaredtovarianceractionassociatetb eachsingularvalue,

scf fromthearray returnedby svd() .

Function: def CSCF(sigmas)

This functionreturnsthe cumulative squaredtovariancefraction associatedio a setof
singularvalues cscf —, fromthearray returnedbysvd() .

Function: def makemctest(Um,Vm,ldata,rdata,itimes,ielems)
This function performsa Monte Carlo test on the stability of the left singularvec-
tors Um andthe right singularvectorsVm obtainedfrom svd() or truncatecdto the
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leadingones(Um.shape[-1]==Vm.shape[-1] ). It computestimes simultane-
ous subsamplegielemslong each)of eachdata eld |data, rdata, and evaluatesthe
congruencecoefcient of the mastersingularvectorsto thosederived from the sub-
samples.It returnsa tuple of NumericalPythonarrays(ucoefs,vcoefs) which
hold the congruencecoefcient for eachsampleand eachU/V mastersingularvec-
tor (ucoefs.shape=(itimes,Um.shape[-1]) ). ielemsmustbe smallerthan
len(ldata)

9 CCA (Canonical Correlation Analysis)

Canonicalcorrelationanalysiscanbe performedby bpcca.py . Thistechniquegets
the patterndecompositiorof two elds suchthatthe correlationbetweerthetemporal
coefcients of pairedpatternds maximum.TheBarnettandPreisendorfefl] approach
hasbeenimplementedIn thisapproactanEOF pre Itering is performedandthe CCA
is carriedoutin EOF—coordinatesThe usernever dealswith thesecoordinatedut can
customizesomefeaturesnf the EOF decomposition.

Theresultsarescaledor thecanonicakxpansiorcoefcients to have unit variance.
If thecolumnsof and arethecanonicalexpansioncoefcients and and are
thecanonicabatternsthe elds and canbepartially (dueto the EOF pre Itering)
recoveredas:

The internal calculusare carriedout by meansof singuarvaluedecompositiorof the
principalcomponentrosscovariancematrix.

Class:BPCCA

Method: BPCCA.__init _(left eld, right eld, retainedeofs=None)

Giventwo two—dimensionafiatasetshis constructoperformsthe CCA decomposition
of the elds. lefteld andright eld aretheleft andright elds respectiely. Theuser
canspecifythe numberof EOFsto beretainedin each eld asa tupleretainedeofs
If noretainedeofss speci ed 70%rule is used:EOFsareretaineduntil a 70% of the
varianceis explained.

Method: BPCCA .leftPatterns()

This methodreturnsan arraywhich columnsarethe left (thoseassociatedo the left-
eld ) canonicapatterns.

Method: BPCCA.rightPatterns()

Idemfor theright patterns.

Method: BPCCA.leftExpCoeffs()

This methodreturnsan arraywhich columnsarethe left (thoseassociatedo the left-
eld ) canonicakanonicakxpansioncoefcients.

Method: BPCCA.rightExpCoeffs()

Idemfor theright coefients.

Method: BPCCA.correlation()

Givestheorderedcanonicakorrelationf the expansioncoefcients asanarray
Method: BPCCA.varianceFractions()

Returnsa tuple containingthe variancefraction explainedby eachcanonicalpattern.
The rst elementof the tuple is the array of fractionscorrespondindo the left eld.
Thesecondneis thatof theright eld.
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Method: BPCCA .leftAdjointP atterns(self)
Returngalongthelastdimension}heleft adjointcanonicapatterns

Method: BPCCA.rightAdjointP atterns(self)
Returngalongthelastdimension}theright adjointcanonicapatterns

Method: BPCCA.EOFspaceLeftratterns(self)

Returngheleft canonicapatterndn EOF coordinates

Method: BPCCA.EOFspaceRightRitterns(self)

Returngheright canonicapatterndn EOF coordinates

Method: BPCCA.reconstructedFields(selfnccps)

Reconstructtheoriginal elds with the desiredhumber(nccpg of canonicapatterns.
Method: BPCCA.MCTest(self subsamples)ength)

Monte Carlotestfor the temporalstability of the canonicalpatterns. The numberof
Monte Carlo subsamplesto take andthe lenght of eachsubsamplgobviously less
thanthe total numberod time records)mustbe provided. Returnsa tuple with the
left andright NumPyarrayscontainingin eachrow the congruenceoefcient of each
subsampl®btainedpatternswith thoseobtainedfor thewhole dataset.

Method: BPCCA.MCTestCorrelation(self samples)

Monte Carlo test for the signi cance of the canonicalcorrelations. The input data
are randomlytemporally disorderedand CCA is performedobtaininga distribution
of canonicalcorrelationsdueto nonactuallycorrelatedelds (but inherentlywith the
sameprobability distribution as the original ones)samplesis the numberof Monte
Carlo subsampleso take. Returnsa Numpy array which columnsare the different
canonicakorrelationdor eachMC run.

The BPCCA objectprovidesthe following accesibleatributes. They areonly su-
posedto be accesiblefor obtainingaditionalinfo, alteringtheir valuescould be dan-
gerous:

BPCCA.sPCAIs s SVDEOFsobjectwith the PCA analysisof theleft eld.

BPCCA.zPCAldemfor right eld.

10 Multi variate linear lIters: LinearFilter.py

Filters are usedin climate analysisto atenuatecomponent®f irrelevant frequencies
from abroadbandignalandto selectthefrequencie®f interestfor the problemunder
consideration.The simplestof these Iters arethelinear Iters andtwo of themare

provided: the Kolmogoror-Zurberko Iter andthe Lanczoslter. In the currentver

sion,the lter doesnothandlemissingvalues.

Both of them lter thedataby weightingtheinputwith coefcients  thatdependn

the lter:

This commonpart of the computationis carriedout by subclassinghe LinearFilter
class.

Class: LinearFilter

Method: LinearFilter .get Iter ed(i eld)

Givenaninput eld, thefunctionreturnsthe Itered datacorrespondingo eachinput
record. This function mustbe calledin aniterative way. The Iter hasbeenimple-
mentedwith performancen mind, sothat,in orderto avoid severaliterationsthrough
apossiblylong datasetit iterategust once,performinga multivariate ltering to each
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record.This makesthatduringtheinitialization phasetheinternalrunningbuffer must
beinitialized ( lled) until valid valuescanbe obtained .During the initialization phase
of the lter, thisfunctionreturnsNone. After theinternalbuffer is ready thefunction
returnsvalid ltered elds until theuserarrivesatthe nal recordof theiteration.
Method: LinearFilter .reset()

Thismethodresetghelinear Iter sothatit is ableto startcomputingwith a datasetof
adifferentshapeavoiding the creationof a new instanceof theclass.

10.1 KZ lter: KZFilter.py

TheKolmogoros—Zurberko digital Iter is avery simplebut powerful digital Iter. Its
featuresaredocumenteelsevhere[7, 13].

Class: KZFilter

Method: KZFilter .__init __(self points,iterations,lovpass=1)

Default (and only) constructor points is an odd integer representinghe numberof
pointsin themoving averagewhile iterations is anintegerrepresentinghe numberof
timesthatthe averageis iteratedto geta betterdampingof the secondarynaximums.
Whenthe ag lowpassis false,the lter instancewvorksasahigh—passiter .
Method: KZFilter .getcoefs(self)

This functionreturnsthe coefcients thatarebeingusedin the Iter .

Method: KZFilter .cutofffr equency()

Returngheapproximatecutoff frequeng of the lter .

10.2 Lanczos lter: LanczosFilter.py

The Lanczos lter is anothervery common Iter andits mathematicapropertiesand
thealgorithmsfor the compilationof the coefcients canbefoundfor instanceat [5].
Class: LanczosFilter

Method: LanczoskFilter.__init __(self, Itertype="bp’', fc1=0.0,fc2=0.5,n=None)
Default constructor Itertype speci esif the lter is low ('Ip"), high (‘hp’) or band
('bp") pass.Thecut-off frequenciedor the bandpassasearesetin fc1 andfc2. If the
Itertype issetto'lp' or'hp' bothcut-off frequenciesnustbe equal.Band—pasdter
will be assumedf the frequenciesare different, regardlessyou have speci ed other
typeof lter!

Thenumberof differentcoefcients to be calculateds setwith the parameten. Even
thoughit hasa default valuethat is appropiaten the band—pasgase,it is strongly
recommendedotto usethedefaultvaluein ary othercasg high—pas®rlow—pass]5].
Method: LanczosFilter.getcoefs(self)

As in section10.1this functionreturnsthe coefcients thatarebeingusedin the Iter.

11 Differential operators: diffoperators.py

Someroutinesto computedifferentialoperatorson the spherespeciallysuitedfor cli-
mateanalysisareprovided. By now, they only processegularlatitude—longitudeyrids.
The operatorsnake the computationdy meansof centeredlifferencesgxceptat the
borders,wherethey usebackward or forward differences.Periodicboundarycondi-
tionsaresupportedn the zonalaxis. All the operatorsassumehattheinput elds are
organizedaccordingto the COARDS schemd([latindex,lonindex]), with otherdimen-
sions(time, verticallevel) prependinghe latitudeandlongitudeaxis of thearrays.
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Class: HGRADIENT

Method: HGRADIENT .__init __(self lats,lons,asdegees=1,PBlon=0)

This is the constructorfor the horizontalgradientcalculator lats is a NumPy array
whichholdsthelatitudescorrespondingo thegrid points,lons holdsthelongitudesof

the grid pointsandif the optionalparameteasdegeesis setto true,it meanghatthe
inputangularvariablesareexpresse@sdegreesnot radians.PBlon is trueif periodic
boundaryconditionsare to be appliedin the longitudinal axis. In this case,second
ordercenteredlifferencesareusedin thewholezonaldomain.

Method: HGRADIENT .hgradient(selfh eld,R=6.37¢e6)

Givenasinputthe horizontal eld held ( ), getasaresultatuple which holdsthe
zonalandmeridionalcomponent®f the gradienton the spherg —,—).R

is assignedy defaulttheradiusof the Earth.

Class: HDIVERGENCE

Method: HDIVERGENCE. __init __(selflats,lons,asdegees=1,PBlon=0)

Default constructorwith parametersle ned asfor thegradientoperator

Method: HDIVERGENCE.hdi vergence(u,yR=6.37€6)

Fromthe zonal (u) and meridional(v) component®f a vectorial eld, nd the hori-

zontaldivegence—— — ——— . Thefunctionreturnsabidimensionahrray
with the divergenceeld.

Class: VCURL

Method: VCURL. __init __(selflats,lons,asdegees=1,PBlon=0)

Default constructorwith parametersle ned asfor thegradientoperator

Method: VCURL.vcurl(u,v,R=6.37€6)

Fromthezonal(u) andmeridional(v) component®f avectorial eld, nd thevertical
componenbf the curl operatoron the sphere, . Thefunction
returnsascalar eld with theverticalcomponenbf the curl of thevectorial eld.

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

Histogramsareusefulandsimpleestimatordor theProbabilityDensityFunction(PDF)
associateavith physicalor modellingexperiments.However, the estimationof PDFs
by meansof histogramspresentsomedrawvbackslik e the instability to the selection
of the bins (bin numberandbin origin) or the lack of derivability. Thus,it hasbeen
proposed15] the useof a kernelbasedapproacho the estimationof the PDFE This

moduleprovidesfunctionsto performunivariateandmultivariatePDF estimation.The
relevantequationdor this moduleare (2) for univariatedensityestimationand(3) for

multivariateseries.

— — )

det -

®3)

with  thenumberof points, ascalarwhichholdsthe bandwidthusedin the estima-
tion, and theexperimentalpoints, and the pointswherethe PDFis being
estimated, is thefunctionusedasthe kerneland is the scalingmatrix which can
optionallybe usedin the multivariateestimatorsusually the covariancematrix.
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Function: def UPDFEpanechnikov(edata,gdata,h)

Returnsa NumPyarraywith the PDFassociatedo the experimentadataedataevalu-
atedat pointsgdata (NumPyarray too) usinga bandwidthh. For this andnext func-
tions,edataandgdata mustbe NumPyarraysandthe functionreturnsa NumPyarray
of typecodédloat64. Thekernelusedin theestimationis a Epanechnikv one. It raises
TypeError if edataor gdatais nota 1-D NumPyarraylt raisesMemoryError  if
it is unableto allocatethereturnedarrayor sometemporalarrayswhich areneededs
working space.

Function: def UPDFBiweight(edata,gdata,h)

Sameasthe previousfunction, but usea biweightkernel,instead(S86, Table 3.1). It
raisesTypeError if edataorgdatais nota1-D NumPyarraylt raisesMemoryEr-
ror if it is unableto allocatethe returnedarray or sometemporalarrayswhich are
internally neededhsworking space.

Function: def UPDFTriangular(edata,gdata,h)

Sameas the previous function, but using a triangularkernel function (seeS86, Ta-
ble 3.1) It raisesTypeError if edataor gdatais nota 1-D NumPyarraylt raises
MemoryError if it is unableto allocatethe returnedarray or sometemporalarrays
which areinternallyneededasworking space.

Function: def UPDFOptimumBandwidth(edata)

Getanapproximatiorto theoptimumbandwidthby meansf equatior3.28(S86).Un-
lessthereis abettersuggestionit canbea goodstartingpoint. edatais, aspreviously,
aNumPyarray(internallyworksasFloat64).1t raisesValueError  if edatais nota

sourcesequence.
Function: def MPDFEpanechnikov(edata,gdata,h,Sm1=None,K=0)0
Givenamultidimensionaldimension currently)experimentabdatasetedata

(NumPy array), evaluatethe PDF at each -dimensionalpoint in the NumPy array
gdata, usingaradially symmetrichandwidth . TheoptionalparameteGmlis a
matrix (NumPy array too) which canbe usedto scaleeachof the directionsin the
edata and gdata arrays. Usually, the inverseof the covariancematrix of edatais a
goodselectionfor this parameter It canalsobe None, in which case,no scalingis
appliedto the directionsin the —dimensionakpace.K is a renormalizingconstant
which mustbe computedaccordingto the scalingde ned by Sm1 If the inverseof
the covariancematrix is selectecasSm1andthe squareroot of the determinanbf the
covariancematrix is input asK, then,a Fukunagaestimatoris beingusedin the es-
timation (S86,Eq. 4.7). This function usesa multidimensionaEpanechnikv kernel
(S86,Eq. 4.4) for the estimation. It raisesValueError  if edataor gdata arenot
NumPyarrays.lIt raisesTypeError if h is notanumber It raisesvValueError  if
thedimensionalityof the datasetsedataandgdatais not correctbecausehey exceed
theimplementedapability they arenot”compatible”(for instancepneis 2-D andthe
otherone3-D), or the scalingmatrix is not of theadequateange( ).

Function: def MPDFGaussian(edata,gdata,hSm1=None K=0.0)
SameasMPDFEpnechnikv, but usinga Gaussiammultivariatekernel(S86,Eq. 4.3).
It raisesvValueError  if edataor gdataarenotNumPyarrays.It raisesTypeError

if hisnotanumber It raisesvalueError  if thedimensionalityof thedatasetsedata
andgdatais not correctbecausehey exceedtheimplementedtapability they arenot
"compatible” (for instancepneis 2-D andthe otherone3-D), or the scalingmatrix is
not of theadequateange( ).

Function: def MPDFOptimumBandwidth(edata)

Providesa rst guesgotheoptimumbandwidth(S86,Eq. 4.14).1t raisesvalueError

if edatais notasourcesequencer 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
holdsin a linear fashionthe grid de ned by arraysxdata andydata. The optional
parametefastestdimallows the selectionof the dimensionwhich grows faster(outer
oneby default) or inneroneif it is nonzero.

This functionality canbe obtainedby meansof otherstandard®ythontechniqueslike
usingcomple callsto replicate() , concatenate() andmap() , or the new
featureof List compehensionin Python2.0. However, this functionis muchmore
ef cient.

Function: def MPDF3DGrid2Array(xdata,ydata ,zdata,fastestdim=0)

This functionis similar to MPDF2DGrd2Array in the sensethatit returnsan array
shapedik e (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

Themoduleanalog.py allows to searchfor analogsn a dataarray As usual,the
rst dimensiorof thearraysaresupposedo runin time,andgivenaspatialbasepattern
themodulesearcheghetime recordof the datamostsimmilarto the basepattern.The
similitude canbe measuredh a principalcomponentruncatedspaceor in acanonical
correlationone. For detailssee[8].

Class: EOFANALOG

Method: EOFANALOG. _.init __(self, dataset,neofs=None pcscaling=1)

Thisis theconstructofor aPCA-spacesearch A NumPyarraywith thelibrary dataset
(timeis rst dimensionymustbe provided. neofsis thenumberof EOFsto retain. This

setsthe degreesof freedomof the searchspace. Defaults to the numberof EOFs
accountingfor a 70% of the total variance. The pcscaling of the EOFscanalsobe

set. 0 meansorthonormalEOFs(Mahalanobigdistance). 1 meansstandardizedCs
(spherizedsearchspace) Defaultsto 1.

Method: EOFANALOG.getCoords(self eld)

Returnghecoordinate®f eld in thePCA space.

Class: CCAANALOG

Method: CCAANALOG. _init __(self, dataset,theotherdatasetneofs=Nonespher
ized=1)

Thisis theconstructoffor a CCA-spacesearch Again,a NumPyarraywith thelibrary

dataset(timeis rst dimension)mustbe provided. But, besidestheotherdatasethas

to be passedo the constructotto performthe CCA analysisandobtainpredictande-

latedanalogsThisis actuallythetarget eld to bereconstructethy theanalogsneofs

is in this casea tuple with the numberof EOFsto retainin each eld in the PCA pre-
Iter for the CCA. This setsthe degreesof freedomof the searchspacgthesearethe

minimum of this tuple). Defaultsto the numberof EOFsaccountingfor a 70% of the

totalvariancean eacheld. spherizedisabit (0 or 1, yesor not)indicatingif thesearch

is performedn anspherizedspacg1) or aninversecorrelationscaledone(0). Default:

1

Method: EOFANALOG.getCoords(self eld)

Returnghecoordinate®f eld in the CCA space.

Class: ANALOGSelector
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Method: ANALOGSelector._init __(self, ANALOGoDbj, patterns,smoothing=1,weigh-
texp=2.0,report="")

Thisis theconstructofor anANALOGSelector object. Thisobjectis ableto selecthe
analogof a seriesof basepatternsin alibrary whichis speci edby anANALOGob]
createdby instanciatinggnEOFANALOG or CCAANALOG object. Thesmoothing
allows to searchmorethanoneanalogfor eachbasecaseandaveragethemweighting
with theinversedistanceo the basecaseraisedto the weightexppower. If a lename
is speci edin thereport optionalargument,a detailedreportof the searchis written
onthat le.

Method: returnAverage(self eld=None)

Returnsthe simple averagereconstructedeld (NOT weighted,eventhoughyou had
speci ed explicitly a weightexp). The optionalargument eld is to reconstructhe
analogsin a eld differentfrom the library dataset. The rst axis dimensionmust
matchthatof thelibrary dataset.

Method: returnAnalogs(self eld=None)

Returnghesingleanalog(smoothing=1) reconstructeceld. Theoutputis exactlythe
sameasthatof themethodreturnAverage()t' s justa notationmatter Thereis noneed
to usethisspeci ¢ methodfor thecasesmoothing=1f you are,for instantejnto aloop
over severalsmoothingfactors.

Method: returnWeightedAverage(self eld=None)

Returnsthe weightedaveragereconstructedeld. The optionalargument eld is to
reconstructhe analogsin a eld differentfrom the library dataset.The rst axisdi-
mensionmustmatchthatof thelibrary dataset.

14 Efcient array of numeric histogramas: NHArray.py

NHArray.py isapythonwrapperfor amoduleinternallywrittenin C which provides
multivariatehistograms.The moduleallows to performa Monte Carlotestin a point-

wiseway, returningintegratedprobabilitiesfrom the histogramslt is implementechs
aclass.

Class: NHArray

Method: NHArray ._init __(self, xI, xu, nbins, elems)

Constructorfor the NHArray classThe lower (xI) and upper(xu) limits for the his-

togramsmust be provided along with the numberof bins (nbins). Numberof his-

togramsto be hold simultaneoushhasalsoto be speci ed throughthe parameteel-

ems

Method: NHArray .Update(self eld)

Addsanew multidimensionaltem eld to the histogram.

Method: NHArray .GetDeltaX(self)

Returngheincremenperbin giventhelowerandupperimits speci edandthenumber
of bins.

Method: NHArray .GetRange(selfprob)

Returngherangeleaving anareaprob in eachtail of the of thehistogram

15 Other links

There are other packageghat can be combinedwith Python, pyclimate, and the
other packageshat have beenmentionedpreviously and which allow to easily build
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powerful data analysistools and programs. To namea few, for graphics,for in-
stancethereexiststheposibility of usingDISLIN (http://www.linmpi.mpg.de/dislin/),
free for someplatforms. Thereis anothersetof statisticalfunctionsby G. Strang-
man (http://www.nmrmgh.harard.edu/NeuralSystemsGroup/gary/gthon.iml). A
completerepositoryof Python programscan be found at the of cial WEB sener
(http://lwww.python.og) or Starship(http://starship.pthon.netthesenerfor thecom-
munity of Python contributorsanddevelopers.

Speciaimentiondeseretwo otherPython packageslesignedo work with climate
data.Oneof themis CDAT, developedby theLawrencelivermoreNationalLaboratory

(http://sourceforge.net/projects/c dat ), andtheotheroneis mtaCDF
developedatthelnstitut fiir MeereskundeKiel (http://www.ifm.uni-kiel.de -
/to/sfb460/b3/Products/mtaCDF.html ).
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