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== Met Office January Temperatures
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Relative-extremes:
define extreme events
relative to site-specific

climatology

Frosts in Gleneagles are
common...
...S0 they have little impact...

...instead it tends to be
dominated by the skill in cold
areas.

Absolute-extremes:
occur more frequently in
some places, and less
frequently in others...

...whereas frosts on Scilly
are big news...
* burst pipes

... performance is virtually
unaffected by the skill in

» dead plants warmer areas...

* ill pets

...are all likely
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Why am | interested in all this...

Public Weather Service requested a

‘Key Performance Indicator’

for how well we forecast extreme events.

They want this measure to:

* be easy to explain

* be simple to communicate

* be robust (i.e. no sudden changes)

« directly compare deterministic & probabilistic forecast performance

www. metoffice.gov.uk © Crown Copyright 2017, Met Office



= Met Office

Any measure of extremes should use local climatology to define an event

Advantages of using local climatology to define extreme events...

a) Base rate is the same everywhere

b) Simple aggregation gives all-site performance
c) Similar impact everywhere

d) Eventdefined in terms of a return period

Disadvantages...

a) Can't verify where climatology is unavailable

b) Assimilation affects model climatology (use observed)
c) multiple thresholds — technically more challenging

d) Differentto the norm!
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T [§RMetS | We've tried ...
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== Met Office . Oforallt<ob
for maximum temperature O(t) =

1forallt=o0b

Continuous ranked probability score 0
Calculates the difference between (WCRPS = j(F (t) —O(t))2 dt

the forecast CDF -
and the observed CDF

We are only interested in extremes... CRPS
... but the CRPS evaluates everything measures the
difference
Gneiting & Ranjan, 2011: /
» Threshold weighted CRPS I I
« Choose a threshold weighting function that LA R R R R I I N B
excludes non-extremes 31 315 32 325 33 335 34 345 35 355

Temperature
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We tried to frame the measure in a way that
can be communicated.

So we asked a common question...
Is today the coldest / warmest / windiest day in 3-years?

To answer that we’ve looked at:
- all observations at every site from 1987 to 2016

» the most extreme value in 3 randomly chosen years

. _ minimum temperature & wind speed
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2
New operational measure: twCRPS j( (t) O(t)) dt

10.09

 most extreme 3 year event (98.89" percentile) o o\
+ 30-year site-specific monthly climatology & AL
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2 B
RPS = F(t) — t)dt
New operational measure: twCRPS j( () O(t)) dv )

10.09
« most extreme 3 year event (98.89™ percentile)

- 30-year site-specific monthly climatology __ 107 Lerwick f
(72}
« Monthly sampling gives the probability that ¢ is the § 0.6 -
hottest day in 3 years ™
£
> 0.6
©
@ 0.4
So, for example 2
« 9.4°C has a 19% chance and... 0.2
« 11°C has a 81% chance... 0.0 . R

|
...of being the hottest January day in Lerwick in 3 years /78 9
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| twCRPS = f (F(t) — 0(®) tw(t)dt
New operational measure:

« most extreme 3 year event (98.89™ percentile)

[

A

« 30-year site-specific monthly climatology = 1.0 )
* Monthly sampling gives the probability that t is the § 0.8
hottest day in 3 years ™
=
> 0.6
Advantages: e
D
« Has a real meaning to the public % 0.4+
« Can examine more extreme thresholds due to tail E’ 02-
« Score is less sensitive to small distributional changes

* So annual climate updates unlikely to affect robustness 0.0 ' ' ! ' L
10 11 12 C
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Probabilistic measure Deterministic equivalent
e max(f,0)
CRPS = j(F(t) - O(t))zdt MAE = |f —o| = f 1dt
—00 min(f,o)
o3) max(f,0)
twCRPS = J (F(t) — O(t))ztw(t)dt twMAE = j tw(t)dt
_o min(f,o0)
Scorerange: 0to where O is a perfect forecast
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But what do twCRPS and twMAE values mean?

Skill Scores are more intuitive...

: 100 X (Scoreclimate T Scoreforecast)
Skill Score =

SCOI'€forecast

Reference: Range: -« to 1

- Site-specific climatology
Transform to % better than reference
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Maximum daily temperature
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Maximum daily temperature
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| Day 1 forecast is 114% better than site-specific climatology*

*forecasting what usually happens’

Day 3 forecast is 45% better than site-specific climatology*
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&
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240

Forecast: Probabilistic

Reference: site climatology
Extreme event: hottest day

expected every 3-years*?
Period: Jan-17 to Dec-19
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Maximum daily temperature

0.012

0.010

0.008

0.006 |-

0.004

Difference (twMAE—- twCRPS) 99% Confidence Interval

96

.120. .

144

. .158. .

Forecast Range (hours)

.192. .

.215. .

240

Strong evidence that

probabilistic forecast
better than
deterministic forecast
at predicting the hottest day

expected every 3-years*?

*08.89™ percentile



== Met Office

Requirements for Public Weather Service
‘Key Performance Indicator’

to measure how well we forecast extreme events:

* be easy to explain

forecast error for the most extreme value that’s likely to occur every 3-years
* be simple to communicate

how much better is the forecast at predicting extremes than forecasting what usually happens
» be robust (i.e. no sudden changes)

by calculating an all-site rolling 3-year performance using a rolling 30-year climatological CDF
« directly compare deterministic & probabilistic forecast performance

yes, because twMAE = twCRPS
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Thank you

Michael Sharpe, Clare Bysouth, Philip Gill. Operational Verification Systems and Products,
Met Office UK
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