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What do we mean by “extreme”?

e Large meteorological values
— Maximum value (i.e. a local extremum)
— Exceedance above a high threshold
— Record breaker (threshold=max of past values)

 Rare event
(e.g. lessthan 1 in 10 years — p=0.1)

* Large losses (severe or high-impact)
(e.g. $200 billion if hurricane hits Miami)
risk = p(hazard) x vulnerability x exposure



Types of extreme weather forecast

e Occurrence of event

e.g. more than 5mm rain/day tomorrow,
probability of more than 5mm rain/day tomorrow

e Number of events

e.g. expected number of hurricanes to make landfall in a season,
distribution of hurricane counts in a season

* Time-to-next event
e.g. probability of another hurricane within the next week

« Magnitude/intensity of the event
e.g. return level (lower quantile) or return period (1/exceedance probability)



Some issues and possible solutions

Issue:  Trivial limits of scores for rarer events
Solution: Develop new scores e.g. Extreme Dependency Score

Issue: Larger sampling uncertainty (less events!)
Solution: Extrapolate from less rare events, Pool events

Issue:  Small count problems (e.g. O’s in tables)
Solution: Extrapolate from less rare events, Pool events

Issue: Hedging to avoid missing events
Solution: Issue probability forecasts and use proper scores

Issue: Large outlier values for intensities
Solution: Use resistant scores (e.g. based on rank statistics)



Some scores for extreme weather

Forecast type

Deterministic

Probabilistic

Occurrence of
event

Threat scores,
EDS, ROC

Brier Score,
Logarithmic score

Number of events

MSE of
sqrt(counts)

P77

Time-to-next-event

MSE of sqgrt or log
of interval

Magnitude/intensity
of event

MSE (non-
resistant!)

Coverage, Interval
scores

—> Need to develop scores for extreme weather forecasts!!!






Example: rainfall forecasts versus observations

Met Office mesoscale model forecasts of 6h ahead 6h Eskdalemuir
precipitation amounts (4x times daily)  Total sample size n=6226
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cumulative forecast probability

observation (mm) cumulative observation probability .
exceedance probability (base rate):

Pr(X >5mm) = arc_
n

—> note dependency for extreme events in top right hand corner




Trivial limits of scores

Proportioncorrect=(a+d)/n~1- p(1+B) >1
___hp

a+b+c 1+B-hp

a+d-a,—-d, 2(H-pB) 2ETS

Threat score =

—>0asp—0

r

Heidke skill score = —0

n-a —d  1+B-2pB 1+ETS

Peirce skill score = — - — b =H-F~hp*-Bp—0
a+c b+d

Does this mean that extreme events are really more
difficult to forecast than small magnitude events?




Extreme Dependency Score

1 - base rate

:2Iog((a+c)/n)_1

EDS _()-Imﬁ".lﬁlf::mIf)l.?lllIIO.I95I | I0.9I82 | 0.9IQB
log(a/n) N p— Met Office
1—k Sl (R Persistence
~ —aS p — O g a (./"\/\/\/
1+k 5 .
° '/V"\\—\,.._/\_-\/
does not tend to zero for rare events -
not explicitly dependent on bias B N
measure of the exponent: o ;

k=(1-EDS)/(L+EDS)

Coles, S. Heffernan, J. and Tawn, J. (1999)
Dependence measures for extreme value analyses,
Extremes 2 339-365.

http://www.maths.lancs.ac.uk/~currie



Why Issue probability forecasts?

Advantages:
 Honest statement about the UNCERTAIN future
* Allows decision-makers to quantify their risk

 Harder to hedge than deterministic forecasts
Murphy, A., 1991: “Probabilities, Odds, and Forecasts of Rare Events”,
Weather and Forecasting, Vol. 6, 302-307

Disadvantages:
e More information to communicate
e Can sound imprecise and confusing

« Harder to understand (risk
understanding/perception)

e User has to make a decision on when to act
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i Example:
F(x)=Pr(X <x) ' . Probability of amount

~1-p being less than 5mm is 0.9|

p ="Dbase rate"

1 - base rate

So probability of amount
i exceeding 5mm is 0.1
: (base rate)

i Exceedence of 5mm is a
i rare event.
I

| | |
10 15 20 25

Precipitation amount (mm) X

- can use E.D.F. to map values onto probabilities (unit margins) #




History of Threat Score e e

o Gilbert (1884) - “ratio of verification”(=THrec .a-+ b +C

“ratio of success in forecasting”(=ETS)
 Palmer and Allen (1949) - “threat score” TS
 Donaldson et al. (1975) - “critical success index’(=TS)

« Mason (1989) — base rate dependence of CSI(=TS)

« Doswell et al. (1990) - HSS—>2TS/(1+TS)

« Schaefer (1990) — ETS=HSS/(2-HSS)

o Stensrud and Wandishin (2000) — “correspondence ratio”

—> Threat score ignores correct rejections (d) and

IS strongly dependent on the base rate.
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Asymptotic model for contingency table

Obs=Yes Obs=No Marginal}"

Fcst=Yes a=npH b=np(B-H) a+b=npB

Fcst=No c=np(1-H) d=n-np(1+B-H) c+d=n(1-pB)

Marginal 'y a+c=np b+d=n(1-p) n

p = prob. of event being observed (base rate)
B = forecast bias (B=1 for unbiased forecasts)
H = hit rate = a/(a+c)

Assume that in the p>0 limit : H>0 and so H~hpk
E.g. random forecasts: H=Bp so h=B and k=1 13
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—> ETS tends to zero as base rate p—>0 = no skill for extremes ¥




Forecasts of 6 hourly rainfall totals
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