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C om putational Statistics

ForecastV erification
(Chapter7 of W ik’sbook)

Key Points:
1) Background on temm inology
2) Contingency tablks
3) Q uantiative m easures of skill
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From A Seem ingly Backw ard Perspective

® Recallthat the pitdistdbution of forecasts and cbservations
® ptio) = Pr{y;0)=Pr{y;in o} i ori= 1o Lj= 1 J
® From the perspective of som eone applyng a forecast, the above
equaton canbe refined asp ;09 = Ptvip) PO«
® That s the Ikelhood of a certain forecast valie, given a particular
observation. This is called the likelhood-base rate factorization
™ wphy and W inklr1987)
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Forecast Skill

® There aremany m easures of forecast skill.
e D ifferentm easures em phasize different soengths and w esknesses.
® Oneofthemostcommon measures sa ‘skillscore .’
A
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® W here
® A isameasure of accuracy,
® A,..bathemeasure of acamacy foraperfect forecast, and
® A sreference kvelto which the accuracy is com pared.
® IfA <A, then the skill score S negative,
® IfA = A, then the skill score s zeo,
® IfA..>A > A, then the skillscore Sspositive and ssthan 1,
® IfA = A, then the skillscore sone.

® A . Boften setto the accuracy of a forecastbased sokly on clin aobgy.
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Forecast C ondition

JontD istributions

of Forecasts and O bservations
® Consdera forecasty, w ith Ipossble values orbins of valies.
® Valiesorbhsa®y,, vy, Yar +¥r
® Considerthe conesponding observation o, w ith J possble values or
binsofvalies.
® Valiesorbhsaro,,0,,0;,.. ,0;
® The pintdisribution of forecasts and observations isw riten as
* ptioy = Pr{vio} = Pr{yin o} i Pri= 1o Lj=1t0J
e This finction assocites a probability w ith each of the possible IxJ
possible com binations of forecastand cbservation.
® From the perspective of som eone attem pting to calbrate Ertune) a
forecast, the above equation can be refined asp {y;0) = P O;ly) P ) -
® That i the Ikelihood of a certain observed value, given a particular
forecast. This & calkd the calbraton-refinem ent M urphy and
W inkler1987).
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ForecastV erification :

How M anyDataDoW eNeed?
® W eneed enough data to m ake an adeguate estin ation of the
probability of each of the IxJ possble outcom es.
® Example:
® Assume thatw e are rounding tem perature forecasts to the nearest.
degree, and that there are 50 possible outom e forobservations,
and 60 possibke outtom es forthe forecast.
® W ethenneed am ninum of 50x60 tin es the num berof
cbservations needed to m ake an adequate estin ation of a siigle
probability. W hy is thisam ninum ?
® Recall that the num berneeded to determ ine a probability to w ihin
a specific m easure of enor is dependenton the probability .
® W eneed to assum e the w orst i this calculation!
® Say 1000 points.
® Then weneed 50x60 times 1000 cbservations = 3,000,000

Observations.
® Colkcted 1 a tin e and space w here the statistics do not
change!
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Contingency Tables

® M any measures of skill (orlack of skill) can be described in term s of
the odds of outtom esbased on a 2x2 contingency tabke.

O bserved Condition .
© The num bers outside the 2x2 box

Yes No are them arginal otals.
% Hi Fﬁ b  Botiom totalks are the
> @) 2 maghal ok of the
b) observations.
o o Lefttotals are them axginal
M nect
g (J)S Negative c+d oak of the orecasts
© @ © The sum ofthe marghal total for
observationsM UST equalthe sum

a+c b+d a+b+ ofthemagial ok orthe
c+d=1n frecags.

* Both simsare equalton.
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Forecast C ondition

C ontingency T ables for Probabilites

® A sinilar2x2 @bk can be constucted forprobabilities of the it
distrbution.

Observed Condition .
© The num bers cutside the 2x2 box
Yes No are the m arginaldistrbutions.
i False  Bottom ok are the
i Hit
sl ah) Alam e+bh marginaldistributions of the
bh) =pb) observations.
con ¢ Left totals are them axginal
2 M s Negave |+ dh distrbutions of the forecasts
(ch) @am) =P0:) o The am ofthemargial
distrbutions forobservations
@+oh b+dh nh=1 MUyST equalthe sm ofthe
=ptn) =piy) m arginal distrbutions forthe
forecasts.M UST equall.
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Threat Score or C ritcal Success Tndex

® The crifcalsuccess index (CST) Ismore gopropriate o use thatthe PC
for sinations w hen the eventbeing forecast is rare.
® O rginally proposed by G ibert (1884). Called ratb of verification.
® The CSIdoesnotoonsierthe num berof comectnegatives. It
com pares the num berofhits to the num berof non-'conect negatives.’
e CSI=a/(a+b+c)
® A value of zew i gppallingly bad.
® A valie of one sperfect.
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FaleeAlarm Rate FAR)

® The false alam mte is the chance of false alaim given that the forecast
eventdid notocaur.

e FAR=b/@+b)
® Smallervalies are better.

® FAR isvery inportantw hen the consequencesofa false alaim are
serous.
® Example cbse schools and offices on the basis of a hurricane
forecast.
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ScalarM easure of Skill

Based on The Contingency Tablk
® M any of the folbw ing m easures of skillw ere firstdeveloped n
medical fields. A pplied m edicine Jpumals often provide m ore usefiil
nfom ation on the sengths and w eaknesses of these techniques than
can be found i m eteorobgy discussions.
® Accumcy
® Accuracy (PC ;percentage conect) dicates the fiaction of comect
forecasts.
Conect orecasts are hits and conectnegatives
These are converted to a fiaction by totaling them , and dviding by
the sampke size.
® pC=@+d/n
® W hatdoesthe value 1 - PC ndicate?
® The fraction of w rong forecasts (false alarm sand m isses) .
® PC valuesnear 1l are good, and valies near zer are poor. How ever, if
the eventsbeing forecastare mare, then PC doesnotgive a good
ndication of skill in achieving his. W hy?
® Because allthe w eght is on conectnegatives!
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OddsRatio

e Theoddsmatb ©) exam hesa matb of odds. Tn this context, odds are
defined as a probability to the com plin entof that probabilty, p / L - p).
® See Stephenson (2000) forthe firstm eteorobgical spplication.
® Tn this case, considerthe oddsofa hirgiven that the event does occur,
divided by the oddsofa false alarm given that the event doesnotoccur.
® Thatis, amatb ofthe
® oddsofahitgiven that the eventdoes occur:
B/@+c)l/L-a/@+cl=a/c ©
® oddsofa false alarm given that the eventdoesnotoccaur:
b/b+d]/L-b/b+dl=b/d
®0=@/cd/b/d)=ad/bc)
® Thisratb i the productof conect forecasts to the productof nconect
forecasts.
® A valie of one is consistentw th forecasts that are independentof
cbservations. Lawger is better.
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O thers

® There arem any otherskill scores.
® W iks' textlistssome.
® OnbehalfofthetheW W RPA GNE JoitW orking G moup on
V erdfication, the A ustalian Bureau of M eteorology w eb site listsm any
of those used 11 m eteology, and has good explnations.
® hitp:/Avww bom gov aubm reir efor/saffeesprerifArerit web pagehtm 1
® Thisweb page is a good resource!
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