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Introduction
� Recentconcernabouttheanthropogenicnatureof

climatechangehasmotivatedanincreasein the

analysisof atmosphericandoceanicdatasets.

� Thetechniquesrely heavily onmatrixoperations

andeigenvaluetechniques.

� Dataaredistributedusingextremely

heterogeneousformats.Accessto external

librariesor systemcallsis unavoidable.

� Therearedifferentscalesof motion

(hours � years) involvedin thephysics.

� Datasetsarehuge.

pyclimate (GPL license)hasbeendevelopedusing

PythonandC to performtheseanalysistasks.

pyclimate , Python and NumPyarecurrentlya

extremelyvaluableresourcein ourdata–analysistasks.
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HandlingCOARDS–compliant
netCDF files

Severalattributesandvariablesneededto definea
COARDS–compliantnetCDF file:
netcdf NCARreanal200 {

dimensions:

time = UNLIMITED ; // (1 currently)

lat = 33 ;

lon = 49 ;

variables:

double time(time) ;

time:long_name = "time" ;

time:units = "hours since 1992-1-10 0:0:0" ;

float lat(lat) ;

lat:long_name = "latitude" ;

lat:units = "degrees_north" ;

float lon(lon) ;

lon:long_name = "longitude" ;

lon:units = "degrees_east" ;

float hgt(time, lat, lon) ;

hgt:long_name = "Geopotencial height at 200mb" ;

hgt:units = "m" ;

// global attributes:

:title = "NMC/NCAR Reanalysis hgt at 200mb" ;

:history = "Created by bin2nc.py" ;

}

To replicateits structurewith pyclimate :
from Scientific.IO.NetCDF import *

from pyclimate.ncstruct import

dims=("time","lat", "lo n")

vars=dims+("hgt",)

onc=nccopystruct("o ut. nc" ,Ne tCDFFi le( "NCARreanal 200 .nc "),

dims,vars,dims[1:])
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Accessto DCDFLIB.C
DCDFLIB.C is a publicly availablelibrary which
providesfunctionsto performdirectandinverse
computationsof parametersrelatedto several
statisticaldistribution functions( � � , � , � ,...)
pyclimate providesaccessfrom Python to the
functionsin thelibrary throughanintermediatelayer
which leavestheoriginal library untouched(see
prototypefor � � ):
void cdfchi(int *which,double *p,

double *q,double *x,double *df,

int *status,double *bound);

Thefunctionsarecalledfrom Python usingclasses:

from pyclimate.pydcdflib import *

chi2=CDFChi()

chi2.which=2 # Get the value of x

chi2.p=0.975 # associated with this prob.

chi2.df=25 # Degrees of freedom

pycdfchi(chi2)

print "%9.5f(%1d)"%(chi2.x,chi2.status),
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EOFandSVD–basedanalysis
Considerdatasets� � �
	���
�� ( � � � ) and � � �
����
��
( � � � ) with ��� ��������� meaningtemporalsamples
and � � ��� ���!� and � � ��� ���!� grid pointsor
observingsites.Therearefunctionsto computethe
eigenvectors,eigenvalues,temporalexpansion
coefficientsandcorrelationmapsderivedfrom the
EOFandSVD analysis.

from Numeric import *

from Scientific.IO.NetCDF import *

from pyclimate.svdeofs import *

inc = NetCDFFile("ncepslp .dj f.n c")

slpdata = inc.variables["djf slp "][ :]

theshape = slpdata.shape

slpdata.shape = (theshape[0], theshape[1]*thesha pe[ 2]* the sha pe[ 3])

pcs, lambdas, eofs = svdeofs(slpdata)
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Linearfilters for hugedatasets
Givenanarbitrarilyshapedinputdataset " # , ageneral

linearfilter involvestheoperation:
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Thisbasicoperationhasbeenimplementedasabase

classwhichderivesdifferentkindsof filters by means

of theconstructor, whichsimply computesdifferent

valuesfor the -32 coefficients.Thus,thebasicfilter can

beextendedeasilyto othermethodssimply by

redefiningthesecoefficients.Thisstrategy hasbeen

usedto defineKolmogorov–Zurbenko andLanczos

filters.

LinearFilter

KZFilter

LanczosFilter
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Differentialoperatorsover thesphere
They work over regularlongitude4 latitude

non–periodicgridsarrangedasin theCOARDS

conventions.

5 Thehorizontalcomponentof thegradientof a

scalar(i.e. geostrophicwind)

5 Thedivergenceof a two–dimensionalvectorfield

(i.e. thebalanceEvaporationminusPrecipitation

from thevertically integratedmoisturetransport)

5 Theverticalcomponentof thecurl of a vector

field (i.e. verticalvelocity at thebottomof the

oceanicEkmanlayerdueto thewind stress)
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Kernel–basedPDFestimation
pyclimate providesfunctionsto performunivariate

andmultivariatekernel–basedProbabilityDensity

Function(PDF)estimation.
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Example:2-D PDFof El Niño (CTI) andtheArctic

Oscillation(AO):

from pyclimate.KPDF import *

from Numeric import *

from pyclimate.readdat import *

# Read the experimental data

ctiao=readdat("ctia o.d at" )

# Define a grid to evaluate the PDF

X=arange(-5,5.01,0. 05)

Y=arange(-4,4.01,.0 5)

# Get the 2D grid as a linear array of nodes

XY=MPDF2DGrid2Array (X, Y)

# Evaluate the PDF at every point of the grid

mpdf=MPDFEpanechnik ov( cti ao, XY, 1.5 )
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Conclusions
^ Python and NumPy arevaluabletoolsto

performdataanalysisof massive atmosphericand

occeanicdatasets.

^ A Python package( pyclimate ) developed

entirelyusing NumPy andC with extensions

devotedto theanalysisof atmosphericand

oceanicdatahasbeenpresented.

^ Someof its features(DCDFLIB.C, KPDF or

Filters)canalsobeusedfor generaldataanalysis.

^ pyclimate is distributedundertheGPLpublic

license,contributionsandsuggestionsare

welcome.

LINKS:
http://starship.pytho n.ne t/c rew /js aenz

http://lcdx00.wm.lc.e hu.e s/˜ jsa enz
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