M ET3220C & M ET6480
C om putational Statistics

Enorand E nor Propagation

System atic and Random enors

Key Pomnts:
1) Random enors can bem istaken forbises
w hen exam ining paied data.
2) Random enors cause uncertaity 1 the answ ers to questions.
3) Som etin es these questions are best answ ered w ith probebilides.

Exnorand Enor
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W hyDoW eCareAboutErrors?

e Tishard to make conclusins aboutphysics eg., clinate) ffwe can’t
tell if the differences are due to som ething physicalordue to enors.

® Example:G bbalaveraged tem peratures are ncreasing . Is tdue to an
actual crease 1 tem peratire, ora bias due to changes in the
cbserving system (e g., urtban heat isknds) .

® Example: ssmah falls h Forda durhg an E1N 1o year. Is this
finding due to a realchange 1 ran totals, ordue to rmndom enors n
the very lin ied and noisy observations?

® Ideally, biases are determ ned through com parison to hdependent
data, and then rem oved fiom the data set.
® This Heal is great for Boomatory data, but is hard to work w th in

the realword. W hy?
 Ttishard to get ndependent high quality data, that i
physically sin flar to the data 1 question.

® Wewanttobeabk to say how lkely it is thata difference isphysical,
1atherthan an artifactof random enor.
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M ore Com plex Exam ple of Absolute E rror

® Note that n casesw ith m any sam ples, dbsolite enor can get mather
large.
® Considerthe Healcase lw fneteomlogy version of 1) :
® Pressnre = density * gas constant fordry air * absolute tem peratire
® Assume thatw e are determ ning denstty, firom cbservations of
pressure and temperature: p = RyT /P
The worst case Inteypretation is that P is underestin ated, and that
T isoverestinated.W e w illassum e thatR,; is known accurately
enough that considering enor i R ; hasnegligible influence on the
absolute enori p.

Forone sampk, the absolute enor Worstcase) hp B

AE({)= Ry (T+ AE(T) )/ (P -AEP) )—RdT/P

® This isequalto the m ost changed valie m s the origialvale.

® Consideradding up absolute enors forall the partial pressures of
the atm ospheric constituents.

@ E——
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Typesof Exror

There are tw o general types of enors: system atic enors and random enors.

System atic enors folbw am athem aticalpattem

Examples:

® Bis:aunifom enor.E g., the tem peratire is alv ays 3°C too high.

® Gah:Anbisisbpe.Eg.,y=31xmtherthany=29x.

® Complkx fimcton.E g., enorn sheltered themm om eter’s tem peratire
isequalto
constantl * (sokrraditon + constant? ) / (w id speed + constant3)

Random enorsareNOT systematic.

® They appearto be mndom .

® The often have a G aussin distrbution.

® Example: estin ating the decin alplce In tem perature, w hen the
therm om eteronly ndicates htegers.
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IsaD ifference Due to Random Error?

® Ourability to answ erthis question depend on how w e can characterize
the random enor.
® A measure of the igestpossbk enor (called absolute error) .
® A measureof spread (the comm on approach)
® Absolute enorexamplk:amean ofa population of 10 iems.
® Take, forexample, the Jengths of the 10 hairs rem aining on a professor's
head. Ts the total hair length greater than 1m ?
® A ssum e thatourm easuring toolhas a scale nm illin eters.
® Assume thatwe canbe accwate to 0 Smm
® A ssum e thatw e have sufficient attention span thatouraccuracy w illnot
suffer from boredom .
® The lgestpossible enorassum es thatnone of the enors w il cancelout.

® Forthe totalkength, the absolute enor is the sum of the ndividual enors
(L0*%0 5mm ) .Forthem ean, w e would then divide this emorby 10,
resulting in 0 5Smm absolute uncertainty.
o Tfthe totallength is greaterthan 1m plus the absolute enror, then we can
be sure the prof's totalhair kength is greater
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Uncertainty M easured asa Spread

The bi difference from absolute enor s that som e random enorsare
assum ed to cancelout. A Ilrandom enors are not i the sam e direction!
There are tw o types of uncertaity to be considered.
® O bservational rrecording) enor, and
® Sampling enor.
O beervationalenor
® Enorseferto uncertainty 1 observations.
® Example: random enors i pressurem hthave a sendard
devition of 0.01kPa.
® Example: w eather station tem peratires are recorded w ith a
precision of 1°F, resulting 1 a standard deviation of about 0 4 °F .
Sam pling enor i due to hsufficient sam pling of a population.
® Examplk:mean heightofm eteor gy students, based on heights of
students 1M ET3220C -02. The uncertaity i1 the m ean due to
sam pling I equalto the sandard deviation divided by squarerootN .
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Coverageby Two
SeaW inds Scatterom eters

a W
gscAT 2003180 — 2005.201 Midori2
180" 181 182 183 184 185 186 187 186 189 190 191 152 195 194 195 196 197 198 159 200 201
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O bservationalE rror + Sam pling E rror
M onthly AverageW ind C om ponents
e : N
al \ !

0 612 1824 30 36m®s? 0 612 1824 30 36m>s?
ZonalPseudostress m s+ M eridional] m3s?
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R epresentation E rror

® The ‘walmndom enor’ on the previus slide isbased on the
assum ption that the proverbialappk isbeig com pared to another
poverbalapplke.
® Example:w Id speeds fiom one type of anem om eterbeing
com pared to w d speeds ata nearby Ication, and m easured w ith
the sam e type of anem om eter (calibrated Hentically to the first
anem om etex) .
® Tthe fed AKA the realword), this deal is mmely achieved . W hy?
® W emrly have two of the sam e Instum ents n the sam e ocation,
usekess they are partof a planned exercise In validation.
® Usually we are working w ith different types of lnstum ents,
m easuring atdifferent tin es over different perivds, and usually in
different Iocations.
® Example: com paring satellite footprints to in observations from
ships orbuoys.
® Neverthe Jess, representation enor is often gnored - som etin es safely
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Exam pleVO S and Buoy O bservations
Dec.Average from 1988-1997
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Com binihg
Sam pling And O beservationalE rrors
® Tnpractice, random enorsdue o cbservational enorand sam pling
enorboth contrbute to random uncertaity.
® Key (good) assum ptions:
® O bservationalenors are independent fiom sam pling enors.
® This isa greatassum pton forrandom enor
® Nots=ogood forcom plkex biases.
® Bseshave been removed (orare smallcom pared to random
enors).
® Sometin es this Heal ishard to achieve.
® TIfthe above assum ptions are m e, then the variances associated w th
each type of random enorare additive.
® Recallthatvarince is the square of the standard deviation.
® Tnotherwouds, the sandard deviations are additive in a root-m ean-
square sense: totaluncertaity = [ Ebsuncert)? + (samp uncert)? 12
® Thisequation apples to the uncertaity i one tem .
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Exam ple of VariousE rrors
ZonalPseudostress Sept.1992)

- = S -
0 6 12 18243036m?3s? 0 6 12 182430 36m3s?

® Unceranty ichiding observatinaland representation enors (upper kft)
® Totaluncertainty i background: observational, representation, and
ssmpling (upperright).
e Filsaremonthly averaged and sm oothed overa large spatial

doman.
® The an oothing results h uncertanty rehted to rEpresentation enors.
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E rror Propagation :

How Do ErrorsCombine In Equations? Bxample
® The previbuspages described how to combine different types of enors ® Consder tem perature data, distrbouted m essily In tw o din ensions. For
contrbuting to uncertainty i a single observation. exam p’ke tem peratures fiom surface sations.
® How do we combine uncertainties in different term s in an equation? ® Pretend these are fiom an areaw thoutchanges 1 altude
¢ Example: consider the zonalw ind com ponent (1), determ ied from ® Smoothing i som etin es applied w ith a G aussin filter. This filer
observatibns of w nid speed () and w ind direction (6)

w elghts the data, based on a G aussin fimction, w ih the weight

® u=w cos(DTOR * (90-6)) decreasing as distance hcreasesaw ay from the pointof hterest.

® W here DTOR isa constant converting from degrees to radins,

_ i
and there s uncertanty © fand q. TZEZG(A‘?)TA

® Forumately, there isa sihgle equation thatexplinshow to handl enor oiziisz(m)oz
propagation. TN

d f] -
— |0,
ox) "

72 =| cos(DTOR *(90.0-0))o, | +[~wDTOR sin(DTOR *(50.0-0))o, ||

¥
Given y= £(X.% % mX), Th=y

® W hich i lkely to be the bigger cause of enor: speed enorsor
direction enors?

Exnorand Enor
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