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- Reuvisiting predictability barriers from George’s talk last year

- Predictabllity barriers for UM and EC det. and UM Ensemble
during NAWDEX period (15 Sept. to 15 Oct 2016)

- Semi-Geostrophic (SG) inversion model: tracking footprints of
diabatic processes

- Results from SG model and diabatic tracers from a pseudo-
operational MetUM

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



=ZMetoffice  Predictability barriers

ACC as function of
start and valid time
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Forecast start time

Rate of change of
ACC for ECMWF
Z500 increases at
particular validation
times, defined as
“predictability
barriers”

Craig et al. (2018): Predictability barriers, NAWDEX 2018 workshop, Munich
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2 Met Office Predictability barriers (2)

{a) HRES 7500 RMSE [m}ED—DF 30-70N

Forecast Time (hours)

1 72 23 ¢ 33 36 3 78 73 30 M M 03 Mob5 06 O
Forecact initialization time (days in Sept/Oct 2016}

Error in 2D: Init. time ‘T0’ vs validation time ‘T+’
Events that generate larger errors are clear and
attributable to particular periods.

Some of the events occur in the same day
regardless of the forecasts time (e.g. 17/09 or 12/10)
[Follow ‘validation time’ diagonal lines]

www.metoffice.gov.uk

(a) 2016/09/10 00Z

_“'\_ Error T+ profiles for forecasts
\\ | . initialized at 00Z (a) 10, (b) 11, (c)

- 12 and (d) 13 9/2016.
Skill drops suddenly around 16t 127
(T+156, T+132,T+108,T+84)

{b) 2016/08/11 00Z

(¢) 2016/09/12 00Z

(d) 2016/09/13 00Z




22 Met Office Predictability barriers (3)

(a) HRES Rate of change of Z500 RMSE (m/day)

\ Doing the error tendency (0 ‘error’/ 0 ‘T+’):

. Clear signal of forecast skill drop for given
\ days (16" + 29t Sept, 51" + 12 Oct).

. \\ Predictability barriers!!

> validation time: Spread insensitive to barriers!

Mean rate of change of Z500 RMSE (m/day) from T+48

Mean rate of Error (m/day)
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%= Met Office NAWDEX and SG results
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|00 UTC. 07 Oct: mesoscale triggers | 12 UTC, 09 Oct: vortex roll up

(A): 16t-18th Sept. Ex-TC lan. IOP 1
(B): 22nd-23th Sept. Vladiana IOP 4

(C): 28-29t" Sept. Walpurga + Ex-TC Karl. IOP 5
SEQUENCE A

(D): 4th-gth Oct. Downstream effects of Stalactite
cyclone + blocking development. IOP 6-7
SEQUENCE B

(E): 11-13th Oct. PV cut off Sanchez + tropopause
ridge Thor. IOP 9-10
SEQUENCE C

[Left] NAWDEX golden cases (aka Sequences)

Fig 6. Schaffler et al. 2018
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Linking predictability
barriers to diabatic
processes ...
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ZMetoffice. Semi-Geostrophic (SG) Inversion Model
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More info in Cullen (2018): The Use of Semigeostrophic Theory to
Diagnose the Behaviour of an Atmospheric GCM, fluids 3,72



ZMetOffice  S(G and predictability barriers

SG model integrated for one hour from pseudo-
operational Met-UM (17km) at T+1,3,5 D. Only
diabatic sources (S,) are considered.

—Vqq(diab) - Vg
Ageostrophic advection of PV shows areas
where there are cross-tropopause and ridge
building action

00Z 17/09/2016 L37 (9621m) 0.003 |- bbb ]

0,000 bt e

'
y —0.001

N
-0.002 - ¥

—~ -0. ¥ 0.00 X .12 0.18 ~ v.ag[z —0.003 |- S - s - Ee N o
bUlldlng delayed in |0nger forecasts TS5 17 18 10 20 21 22 23 24 25 26 27 28 29 30 01 02 03 04 05 06 d7 06 05 10 11 12 13 14 15

[Top]: v_ag (diab) grad(q) averaged over the predictability
barrier domain (60-0E, 30-70N). Dims: PVU/hr
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ZMetOffice  Semi-Geostrophic Inversion Model
(lan: 16 122)
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dtheta_0 12Z 16/09/2016

(a) 962

B "

-28

290.0 297.5 305.0 3125 320.0 3275 335.0

[Top] ‘advection only d©’ tracer on 12Z 16™ for
(a,c) 00Z 15™ (b,d) 00Z 12t forecast. (c,d) Cross
section on dashed line in (a,b). X: Pos of lan and
merged cyclone. Tracer initialized at 00Z 15%
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Longer forecast fail to merge, important
ascent and heating from LS-rain over ridge

dtheta_mic 12Z 16/09/2016

(a) 9621m T+036 00Z 15/09

(b) 9621m T+108 00Z 12/09
< ~

66

60 [T

48

42

36

(c) XSect 00Z 15/09
= %0

—= =

-

ﬁ‘\ -

——pom 14000 Ak
e 80 |

12000 350 12000

10000 g 10000

8000 -

6000

4000 -

2000

=27 -18 -9 o 9 18 27

[Top] Same as left, but for d6 .
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25 Met Office After stalactite (IOP67?)

pv 00Z 05/10/2016

(a) 9621m T+048 00Z 03/10 ) 9621m T+072 00Z 02/10 (c) 9621m T+096 00Z 01/10
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(e) XSect 00Z 02/10
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[Top]: PV on 00Z 5™ in different forecasts initialized at
00Z 31, 2nd and 1st. X shows the position of the

stalactite’s upstream cyclone.

[Right]: same layout for dPV, tracer (initialized at 00Z 3'). -
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Delay in ridge building, strong negative
PV filament associated to LS rain
process

dPV_mic 00Z 05/10/2016
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2 Met Office Conclusions

Predictability barriers coincide with important IOP NAWDEX cases (lan,
Karl, Stalactite, Sanchez). Both EC and UM struggle

UM EPS fail to capture rapid increase of model error

Semi Geostrophic inversion model provides a neat way to convey the
influence of diabatic processes in the flow (“diabatic ageostrophic
advection” of PV —uv,,(diab) - vq )

Peaks of diabatic ageostrophic advection coincide with predictability
barriers, less advection is produced in longer forecasts

www.metoffice.gov.uk © Crown Copyright 2017, Met Office
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Thanks for your
attention!
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ZMetOffice  Semi-Geostrophic Inversion Model
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Vertical velocity can be deduced using the S-G omega equation.

Its form in momentum coordinates (Hoskins & Draghici, 1977) is:

2 . N,
gpr o 07w 2 — _ Yo
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Geostrophic Diabatic forcing

www.metoffice.gov.uk forcing (H:heating) © Crown Copyright 2017, Met Office



= Met Office

Mean rate of change of Z500 RMSE (m/day) from T+48

(a) HRES Rate of change of 2500 RMSE (m/day)
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