Com putationalM eteorology

Explomtory D ata Analysis
Em pirical D istrbutions
D escriptive Statdstics
R obustness of Statistics
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3M :M ean,M ode,and M edian

® The3M ’'seach give ameasue of typialvalies.
® Themean is the average. The notation forthemean of x is X.
® M ode is the m ost fiequently occurrng num ber.
® Ifweoreradata set, then themedin i the value in them ddle of
the Tist.
® Considerthe grades on a hypotheticalhom ew ork assignm ent:
® 21 valies
® 4,5,6,6,7,7,7,8,8,8,8,9,9,9,9,10,10,10,10,10,10,10,10
® Themeanis8l A-) [igmdq]/N
® Themode®10 @) .
® Themedin 8 @A-) Thell®vale, gradey,,),
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FORTRAN :Arrays

® W ewilldicussanew type of variebl designed to hoHd a series of data.
REAL fake obs(125) !A varibk thatcan hod 125 realvalies.
DO index=1,125
fake cbs(index )= (REAL (Index) + 05) ** 2
! Converts dex to a realnum ber, then adds 0 5, the squares to total
ENDDO
PRINT*, fake obs(1020) !Pritsthe 10% to 20® elem ents of the anay
Consilera sorted anay {x, %,/ %y, 1 %10, %K,) -
If the change w ith Index num ber s unifom , and n is brge, then the
m ean can be gpproxin ated asX, ),
e Thisvaluie is themedin, even if the change w ith index num ber is
non-unifom
® And the 30% percentile can be approxinated asx (03 *n+ 1)
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Exploratory D ata Analysis

¢ Expbmtory dam analysis empbys satistics to summarize

characteristics of the data..

® Convertsdata to inform aton.

® G mphical representations are often used to exam ine the data, and
o inferadditbnal qualites of the data set.

W e will discuss many graphical statisticalgraphical tedmigues for

exam ning data.

Onekey question i ‘how mwbustare the statdstics?’

® TIf the summ ary statistics change greatly depending on the subsetof the
data that i being exam Ined (@ssum ing the subset is sufficiently large),
then w e should place little value in the satistics!
® W ew illdiscussw hich tedniques are m ore reliablk than others.
® Sometines the consequences of the data not meetig our

assumptons eg., abellcurve) are quie serbus.
® KeyPont:ALWAYSLOOK AT THE DATA !!!!
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Q uartiles and Percentiles

®  Quartiles and percentiles are used to descrbe the spread or distrbution
ofadata set.

® Consileran ordered setofdat {x,%,, % e X0, X,)

® Themedin isdefined as

| Hee ifn isodd

e G,
* |6t %), Eniseven

® Halfway through the series

® Quartdksare 25% thmough the series forthe bw erquartie q ,,, and
75% thiough the series for the upperquartie q; . .

® Percentikes are the valie that are greaterthan a percentage of the data
set.
® Examplk:the 50% percentike isthemedsn.
® Thdata setw ith 100 values, the 99% percentile i the greatestvalie.
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M oreR obustE stin ates of

CentralL ocation
® Themesn is sensitive to outliers
® Consilerthedat set{11,12,13,14,15,16,17,18,19}
® ThemesnandmedBnare15.
® However, if the finalvalue (19) isreplhoed w ith 91, then themean
becomes 23.
® The wbustness can be exam fned by exam ing the differences
betw een the m ean of the whole data setand themean with a small
fraction of the data rem oved.
® This test shou be done form any samples.
® Thisexampk isafom of crossvalidation.
® A trinean samore wbustm easure of the central Iocation.
® Trinean= (q, + 205 + dpos ) /4
® A mean could also be determ fned fiom a trin m ed portion of the data
et B 1 n-an
T n—2an "5,
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Exam ple C rossV alidation C ode Spread: InterquartikeRange IQR )
U seful fortesting the robtsness of am ean of a sm allnum berof independent obs.

REAL aum ® Onemeasue of pread & the 1o 2 PR ST e
REAL,dinensbn365) ::daily mh lanay of 365 daily tem peratures interquartile Enge. 00
. . s . 08
REAL test means(365) 'An alemative versbn of sin ilar deckration ¢ Spread i an indicaton of N
NTEGER idex,n, sk departure fiom them ean. e
N =365 !Assume thatthe valies are read by the program ® DR =G5~ G2 05
am = 0.0 ® The DR avery obust 2 oa
Do i c1n D etemm iies them ean forn measure of the spread of values ® o
S subsets of the daa. These can nearthemesn, butdoesnotgive ‘IHEEE
am = am + daily @i (index) then be com pared o the m ean for any inform ation on cutliers. 04 3B
ENDDO the fulldata set. o ’
DO idex=1,n o1 B .
H 3
test means (index) = sum - daily 1ai (hdex) z ] 02 M :
LT ! — Lower Quartie Medin i 40 120 40
test means (index) = test means(index) /REAL - 1) Gaaphic fiom i echues 196 faudent
* - W ELLERBR baxpbisbox Jeam him 1
ENDDO
am =sm /n
e s f ey Com putational Statistics e s 1 Com putational Statistics
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Standard D eviation G aussian D istribbution

® The standard deviation is the m ost comm on m easure of spread.
® Unlke the DR, isdoes consideroutliers.
® The standard deviation is defined as P

J S

)2 B
n i -
® W here s s an estin ate of the standard deviation

® Estinatebecause tsassumed (?) to bebassd onan 0

Incom plete sem p’e of the population. L

® The true sandard deviation is usually notated as & L

® The sandard deviation ishighly sensitive to outliers. W hy? =T

® Because of the square of the difference fiom themean. =
® Ifthe datahasa G aussian distroution, then o mmmAN, .Iljlll]#n;.m

® 68% ofthedataarew ithi 1 sandard deviation fiom themean ’ .
® 99% ofthe data arew ihi 3 standard deviations from the m ean ciom
1 us fa adu Com putatinal Statistics 1 us fu du Com putatinal Statistics
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M edian AbsoluteDeviation M AD) Box and W hiskersPlots
® TheM AD does consideroutlirs, butunlke the sandard devation, the ® Thebox pbtismodified to show
outlines have sin ilar hfiuence to the non-outliers. . the extrem e valies of the data set.
maxam um . .
e MAD =medin(k -qsl) . AJtTEmatweJy;qﬂdewhi;(ascaq.
o W hy is the inflience of outlis rduced? dicate the 5% and 95 peroenties
. Two s aQ ® A ltematively, the whiskers can
easons: ”5 ndicate amulpksofthe DR .
® N o sguare of the difference fiom the central bcation @
® Themedin @atherthan the mean) Snot nfluenced by outliers. °
Q25
m Inimum
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Boxand W hiskersVariant Symm etry - or a lack thereof

® Thebox pbtismodified to show ® 'Isthe data symm etrical?’ isakey question form any assum ptions
. the an additonalm easure of soread, ® Exampk:arethe ENSO inpacts orE1N fio equaland opposie
o mexmum and extrem e valies of the data set. those forLa N fia? If so, forecastng isa bteasker!
® Alwo shownare themostextteme ® Skewness isonemeasure ofasymm etry
valiesw ihin the m easure of o
1 —\3
Qs P . (X‘7X)
n—1%
Qs ,Y:f

@
* o Skewness i far fiom aobust satistc

® There are severalaltematives.
® How ever, these are not comm only used i statistical analyses

M Inimum w ithin the w hiskers

[e) m inimum
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H istogram s, or Hurr. IsabelR anrate Value D istribution
Probability D istribution Functions for O verlapping Q SCAT & NEXRAD

Near KMHX, Orb. #3970

100+ 4

mmuﬂmmmum"mmmﬂm e

" Datavalies (i Iin is)

N oum alshom alhm 1

@
3

Counts of RRate Values
s a9
=) 3

Num berofobservations w ithin a bin

Rainrate. mmhr
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Physically Based C orrection to Exam ine of H istogram B variate E stin ator
QSCAT RadarRetum Average Thunderstorm D ays
T T T T T o Theaverg
M easured m hus conected be ©
180+ Sept. 18, Hurricane Isabel 1 % mmberOfdays
c w ith
g 160 1 thunderstom s,
Euo— Note thatthe mte ofchange of - ¢ Contour
g m odelfinctbn w th w hd speed Interval is five
1208 (the sbpe) s very smallforwind 7 perday.
% speeds greaterthan moughly e Thetwo
%100 18m s?.Forvery hth whd bles 3
o
@ 80 speeds, a 0 5dB change can | nato
e conespond to wughly 5m s. as EEH. awors
2 sl 1 are htihide and
5 B
2 bngiude
£ 40
= [ over 70
20 1 50 to 70
—’_'_’7 30 to 50
L . [ ——— 10 to 30
-15 -1 -05 0 GSDecibe]s—dB"B 2 25 3 35 under 10 Figue Som M eteorobgy by D anielon, Levih and Abim s
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Cum ulative Probability D istribbutions

® Cumulative probability distrbutions plot
® X -axis:magnitude of events

® Y -axis: cum ulative probability of all events to the leftof the pointon the
x-axis.PK<X)

® Probability of exceedence is 1 — aum ulative probability . P <> X )

Histogram Probability of Exceedence
Lake City, FL Lake City, FL
30 T T y 100,
Colbors:
80 .
B ® EIN o
H Y Neutal
£ £
: E LaNia
310 2
H N 1
© 20
o o
o 2 4+ 6 8 10 o 2 a4 10
Total Precipitation (inches) Total Precipitation
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Extrem e Value D istributions

® There are several types of extzem e value distrbutions that can be used
o describe the Ikelhood of an event (oran eventof lesserm agniude) .

® Thesem ethods are usually used on ordered (@0 called ranked) data,
where irepresentsthe rank (fiom lesservalies to greatervalues) .

® M ostofthese folbw formm given in the textbook.

® They are used to estin ate the Ikelhood of events of certain
magniude, often forengheering or nsurance purposes.

® A Yematively, they can be used to estin ate thataverage tine w ith
Iarge m argins of enor) betw een events of given m agnitudes.
® Example: the average tin e betw een fbods of a certan kvel
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Exploration of Paired D ata
Scatterplots

‘The Equivalent NRCS of the Volume Backscatter, in dB, versus mean rainrate within SW cells

Volume NRCS in d&
8

10° 10" 10° 10'
rmean rainrate, mm/hr
® Satellte radarbackscatter vs. NEXRAD mimates
hitp /fam pus fu s Com putational Statistcs
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Probability of Exceedence Exam ple:
andfalling H urricances fore 2005)

U.S. Landfalling Hurricane Probabilities
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Standardized Anom alies

® W eareoften nterested 1n departures friom am ean vale.
® Ifx isavalie i a seres, and <x> is the m ean valie, the the departure
associted w ith x; s usually w ritten asx’
® X =<X>+ X
® The sandardized anom aly (z) isdefined as
° z= (x-<x) /s
® W here g s the ssmplke standard deviation

Com putational Statistics
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Exam ple D rag C ocefficients
From SevereW ind Storm s2 Experin ent
o | e Prln Thary version of
the data set provided by
PeterK .Taybr.
These diag coefficients
+ are based on high
quality cbservations.
® Observatons thatare
mostly fiom wugh
seas.

10° * SW S2 D 1ag Coefficient. fu, U )

ool
o s 0 B » 2
W ind Speed, U,, fms?)
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Resultsof Taylor and Y elland’s Param eterization
on SW S2 data
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Uncertainty inaM ean

® A probkem w ih ushg overallm easurem ents of enor is thatm any are
very sensitive to outliers.
® Com parison statistics are brgely dependenton a sm all fraction of
the data set.
® The resultsare sin fareven forvery differentm odels.
® Tismoreusefilto exam e the satistics oram all sub-samples of the
data set.
® Thiscan also be m Eleading forsom e cases, which w illbe
addressed 1 bter kctures.
® One usefildiagnostic satistic is the uncertainty in the mean.
® If the enorshave a G aussin distrbution, then the uncertanty
hthemean
s =s An
® W heren refers to the num berof independent points in the
smpk Ersib-samplk)
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M oreR esults:
M eans & Three Standard D eviations
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Modeled Friction Velocity (m/s)

Modeled Friction Velocity (m/s)
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Bourassa 004) Com parison to O bservations

® ThisBoumssaguy

clin s thatusing better
e physicalassum ptions
* Jeads to a betterm odel.
N ® Bourassa (2004,
* ASR)
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M oreResults:
M eans & Three Standard D eviations
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Resultsof Bourassa 2005) Com pared to SW S2

O bservations
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