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Motivation

A ECMWEF switched to operational single precision (SP) IFS forecasts in May 2021:
0 Forecast model alone in SP, all other components in double precision (DP)
0 Achieved a ~40% runtime saving, no significant degradation in forecast quality
0 Research ongoing into using half precision in IFS

A SP forecasts in HARMONIE-AROME cycle 43h2.2+:
o Activated using AFP_PRECI SI ON=dual o, buil ds

0 Forecast uses R32, everything else R64
0 Generally stable with 30-40% runtime saving (significant testing at MetCoOp and DMI)

A Move to operational SP HARMONIE-AROME ensembles?
o Al | Astandardo model perturbations happen 1iIn
o However, the SPP scheme is called within Forecast
o How does SPP perform in SP?
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SPP testing over Ireland

A Extensive SPP testing over Ireland as part of an ECMWF Special Project in 2022:
A Utilised two proposed 5 parameter SPP configurations (MetCoOp and KNMI)

o0 harmonEPS-43h2.2 branch -
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Several fog cases

11t 7 24% July 2022

Mini-heatwave, thunderstorms

161 7 29t October 2021

Wet spell

o 1+6 members, 3hr cycling, +48 at00z """
0 IRELAND25, 65 levels
i Summer
0 SLAF, EDA, surface perturbations
Autumn
A Two week runs over four seasons
Winter

A Suite of experiments allow us to assess:
o DP vs SP REF (i.e. no SPP)

10t 7 231 February 2022

o DP SPP (i.e. REF+SPP) vs REF (for both SPP configurations)

o DPvs SP SPP

A Note NPATFR_SPP=1 (every timestep) when SPP=yes
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DP vs SP REF: Point verification

Models: spiefann_LFeb2022_ 2 vs spiefann_LFeb2022 1 (reference)
Station selection: All, Period: 2022-02-10-00 - 2022-02-23-00 (14 cycles), Significance level: 95%

A Point verification results for
SP vs DP REF over the
winter period

Vis
AccPcpi12h+

A SP has a relatively neutral
impact on surface scores
(except PMSL bias)

A ~40% runtime saving on
Atos

Il Degradation in SP ensemble
relative to DP

A Significance below 95% omitted

A Number in each tile represents difference in
mean score

A Colour represents the % diff in mean scores
(relative to reference experiment)
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DP vs SP REF: Sample forecasts

A Sample 24hr rainfall forecasts using 2022/02/19/00Z+48:
o DP (top), SP (bottom), members 0-6 from left to right
A Reassuringly similar
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DP SPP vs DP REF: Point verification

Models: spiefann_LFeb2022 3 SC vs spiefann_LFeb2022 1 (reference)
Station selection: All, Period: 2022-02-10-00 - 2022-02-23-00 (14 cycles), Significance level: 95%
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DP SPP vs DP REF: Wind speed bias

A Wind speed biases:
o Perturbed members appear to be negatively biased relative to the control

10m wind 10m gusts
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DP SPP: MetCoOp vs KNMI configurations

Models: spiefann_LFeb2022 5 SC vs spiefann_LFeb2022 3 SC (reference)
Station selection: All, Period: 2022-02-10-00 - 2022-02-23-00 (14 cycles), Significance level: 95%

A Point verification results for AVSE
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DP vs SP SPP: Point verification

Models: spiefann_LFeb2022 4 vs spiefann_LFeb2022 3 (reference)
Station selection: All, Period: 2022-02-10-00 - 2022-02-23-00 (14 cycles), Significance level: 95%
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SP SPP crash

A Most SP SPP runs were stable, however a single cycle of the

autumn test period failed (one member at hour 36)

o In arpifs/phys_radi/swni.F90,f i X

A Timeseries of the PSIGQSAT perturbation pattern statistics before »

not

the model crash indicate diverging behaviour

PSIGQSAT: Scaled pattern statistics: Timeseries using all leadtimes
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SP SPP crash

A 24hr precipitation for cycle 2021/10/21/00Z at hour 33 (i.e. just before model crash)
A Top/bottom rows: DP/SP SPP experiments

A Left to right: Members 0-6
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SP SPP high rainfall

A

@

Not the only case of
Aanomal ouso r
SPP ensemble

Another example from
2021/10/24/00 cycle (which
did not crash!)

Again associated with
PSIGQSAT spike

mbr000 (top), mbrO06
(bottom). Left to right: 24 hour
rainfall, 10m wind speed,
PMSL at +48
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24 hour rain (spiefann_LOct2021_2)
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DP vs SP SPP: Parameter patterns

A When updating the patterns every timestep, significant differences in the SP and DP SPP
perturbation patterns were observed:
o Tendency for more Aextremeo perturbations in
0 Associated with anomalous rainfall and crashes

A Fixes to SP SPP patterns introduced by Ole Vignes:
o DP versions of uniform/Gaussian distributions in RANDOM_NUMBERS_ MIX

o SP and DP SPP patterns were very similar when updating the pattern every hour
(NPATFR_SPP=-1, next slide)
o But differences still existed when updating every timestep

A And even more Ole fixes:
0 Some spectral fields maintained in DP
o SP and DP patterns almost identical regardless of pattern updated frequency
o Now available in dev-CY46h1_eps (not tested here)
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DP vs SP SPP: Parameter patterns

A Sample point verification
results over the winter period
with almost identical DP and
SP perturbation patterns

A MetCoOp SPP configuration,
Ole changes with
NPATFR_SPP=-1

A No increase in SP spread,
behaviour is comparable to
the fino SPPO experiment

Il Degradation in SP ensemble
relative to DP
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