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/ Introduction \

e Recentconcermabouttheanthropogenicatureof
climatechangenasmotivatedanincreasean the
analysisof atmospheri@andoceanicdatasets.

e Thetechniquesely heavily on matrix operations
andeigervaluetechniques.

e Dataaredistributedusingextremely
heterogeneou®rmats.Accesso external
librariesor systemcallsis unavoidable.

e Therearedifferentscalesof motion
(hours— yearg involvedin the physics.

e Datasetsarehuge.

pyclimate  (GPLlicense)hasbeendevelopedusing
PythonandC to performtheseanalysistasks.
pyclimate , Python and NumPyarecurrentlya
extremelyvaluableresourcan our data—analysitasks.
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/ HandlingCOARDScompliant
netCDF files

Severalattributesandvariablesheededo definea
COARDScompliantnetCDF 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" ;

/I global attributes:
title = "NMC/NCAR Reanalysis hgt at 200mb" ;
-history = "Created by bin2nc.py" ;

}
To replicateits structurewith pyclimate

from Scientific.|O.NetCDF import *
from pyclimate.ncstruct import
dims=("time","lat", "lo n")

vars=dims+("hgt",)
onc=nccopystruct("o ut. nc" ,NetCDFFi le( "NCARreanal 200.nc "),
dims,vars,dims[1:])
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/ Accesso DCDFLIB.C \

DCDFLIB.C is a publicly availablelibrary which
providesfunctionsto performdirectandinverse
computation®f parameterselatedto several
statisticaldistribution functions(x?, ¢, F,...)
pyclimate  providesacces$rom Python tothe
functionsin thelibrary throughanintermediatdayer
which leavestheoriginal library untouchedsee
prototypefor x?):

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-baseanalysis \

ConsidedatasetsX = [z;;] (N x M) andY = |y;;]
(V x P)with: = 1... N meaningtemporalsamples
andj =1...M andj = 1... P grid pointsor
observingsites. Therearefunctionsto computethe
eigervectors,eigervalues temporalexpansion
coeficientsandcorrelationmapsdervedfrom the
EOFandSVD analysis.

Leading EOF of DJF SLP

from Numeric import *
from Scientific.IO.NetCDF import *
from pyclimate.svdeofs import *

inc = NetCDFFile("ncepslp dj fn ¢

slpdata = inc.variables["djf slp "I[ 1]
theshape = slpdata.shape
slpdata.shape = (theshape]0], theshape[1]*thesha pe[ 2]* the shape[ 3])

\pcs, lambdas, eofs = svdeofs(slpdata) /
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/ Linearfilters for hugedatasets \

Givenanarbitrarily shapednput dataset X;, ageneral
linearfilter involvesthe operation:

n

Y = Z a; Xy
This basicoperatiorhasbeenimplementedasabase
classwhich dervesdifferentkindsof filters by means
of the constructorwhich simply computedifferent
valuesfor the a;, coeficients. Thus,thebasicfilter can
be extendedeasilyto othermethodssimply by
redefiningthesecoeficients. This strat@y hasbeen

usedto defineKolmogorov—Zurbenlo andLanczos
filters.

KZFilter

LinearFilter

LanczosFilter
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/Differentialoperatoreoverthe sphe&

They work over regularlongitudexlatitude
non—periodigridsarrangedasin the COARDS
cornventions.

e Thehorizontalcomponenof thegradientof a
scalar(i.e. geostrophiavind)

e Thedivemgenceof atwo—dimensionaVectorfield
(i.e. thebalanceEvaporationrminusPrecipitation
from thevertically integratedmoisturetransport)

e Theverticalcomponenbf the curl of avector
field (i.e. vertical velocity at the bottomof the
oceanicEkmanlayerdueto thewind stress)

HGT200 and measured wind
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/ Kernel-base®DF estimation \

pyclimate providesfunctionsto performunivariate
andmultivariatekernel-baseérobabilityDensity
Function(PDF) estimation.

fla)= ;K (%)

f(x) = denﬁ% Z k (h_2(x - X)'s Hx— X))

Example:2-D PDFof EI Nino (CTI) andthe Arctic
Oscillation(AO):

from pyclimate.KPDF import  *
from Numeric import *
from pyclimate.readdat import *

/ N I # Read the experimental data
d (ﬁx\\ i ctiao=readdat("ctia od at" )
\@) 7ol # Define a grid to evaluate the PDF
So——° L _
= X=arange(-5,5.01,0. 05)
~—" i Y=arange(-4,4.01,.0 5)

-30 20

# 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 \

e Python and NumPy arevaluabletoolsto
performdataanalysisof massve atmospheriand
occeaniaatasets.

e A Python packagd pyclimate ) developed
entirelyusing NumPy andC with extensions
devotedto theanalysisof atmospheri@and
oceaniadatahasbeenpresented.

e Someof its featureg DCDFLIB.C, KPDF or
Filters)canalsobeusedfor generadataanalysis.

e pyclimate Isdistributedunderthe GPL public
license contrilutionsandsuggestiongre

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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