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High-impact weather over southern France on 14 Oct 2016
related to PV streamer “Sanchez”

Obijectives:

» Evaluate the representation of the HIW event and PV streamer
Sanchez in Météo-France forecasts.

» Assess the sensitivity of the HIW to the representation of the
upstream upper-level flow and the low-level moisture at earlier
times.

PV and wind at 250 hPa
, 18 UTC 13 Oct 2016
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Data

1.

Ensemble reforecasts of the Météo-France global operational
model Arpege, version PEARP4 (Descamps et al. 2015, Boisserie
et al. 2016a,b)

10 ensemble members
« Same initial conditions (Arpege op. analyses)

« 10 different physical parameterization sets to represent model
uncertainties associated with
» shallow and deep convection
 solar radiation
 turbulence
« cloud cover

High-resolution deterministic Arpege forecasts for P\ inversion
experiments (Arbogast et al. 2008)



00 UTC 14 Oct 2016, 15 best vs. worst precipitation forecasts
in terms of ACC, BT10/00Z to 12/00Z
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15 best vs. worst precipitation forecasts at VT114/00Z
(BT10/OQZ to 12/002)

Best15 Worst 15

2°W o Worst 15:

« FEastward shift of precipitation max.




15 best vs. worst precipitation forecasts at VT14/00Z

2pvu at 330K and 30mm contour of 6h accum. precipitation
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ULPV error worst 15 14/00Z
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Origin of positive ULPV error in bad fc ..
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Origin of positive ULPV error in bad fc ..

48h backw. traj. starting at 14/00Z from
grid points where ens. mean ULPV error
of 15 worst fc > 2pvu (with LAGRANTO,
Wernli & Davies, 1997)
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VT: 20161014 _00 UTC worst 15 ensemble members
P e ,"w

48h backw. traj. starting at 14/00Z from
grid points where ens. mean ULPV error
of 15 worst fc > 2pvu (with LAGRANTO,
Wernli & Davies, 1997)
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48h backw. traj. starting at 14/00Z from
grid points where ens. mean ULPV error
of 15 worst fc > 2pvu (with LAGRANTO,
Wernli & Davies, 1997)

PV evolution along trajectories

VT: 20161014 00 UTC
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Upper-level errors in 15 worst fc 2 days before HIW

Geopotential height error and

“" wind error at 200hPa | Overestimation of

ol s s /N stratosphere
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Sensitivity of the precip. to Z200hPa & the jet strength at 12/00Z

Ensemble sensitivity analysis with 160 members at 12/00Z

6ACCprecip
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Sensitivity

Pos. sensitivities: the higher the
geopot. height (= stronger ridge) at
12/00Z the better the precip. fc over
Sfrance at 14/00Z

20°E

Neg. sensitivities: the lower the geopot.
height at 12/00Z in that area the better
the precip. fc over Sfrance at 14/00Z
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Sensitivity of the precip. to Z200hPa & the jet strength at 12/00Z

Ensemble sensitivity analysis with 160 members at 12/00Z

6ACCprecip Ld(7 6ACCprecip
k
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* std(windspeed,oonpq)
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Pos. sensitivities: the higher the Stronger jet at 12/00Z = better
geopot. height (= stronger ridge) at precip. fc over Sfrance at 14/00Z

12/00Z the better the precip. fc over
Sfrance at 14/00Z
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Sensitivity of the precip. to Z200hPa & the jet strength at 12/00Z

Ensemble sensitivity analysis with 160 members at 12/00Z

6ACCprecip Ld(7 6ACCprecip
%k
0Z500npa std( ZOOhP“)= dwindspeedy,

70°NF ....... = -

B60°N | i

* std(windspeed,oonpq)
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Pos. sensitivities: the higher the Stronger jet at 12/00Z = better
geopot. height (= stronger ridge) at precip. fc over Sfrance at 14/00Z

12/00Z the better the precip. fc over
Sfrance at 14/00Z

- PV inversion experiments to isolate impact of initial upstream
UL errors on ULPV and precipitation errors at 00 UTC 14 Oct
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PV inversion experiments in high-resolution deterministic runs

Two control runs:

1. Agood fc in terms of UL PV and precip. at 14/00Z: BT12/00Z
2. Abad fcin terms of UL PV and precip. at 14/00Z: BT10/18Z

Good forecast

: BT12/00Z

Bad forecast: BT10/18Z
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PV inversion experiments in high-resolution deterministic runs
Exp 1) At 12/00Z, the good PV is replaced by the bad PV at

100-600 hPa in the domain 25-68N/30W-5E

BT: 20161012_00 UTC+0.0h
ony VT:20161012_00 UTC
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PV inversion tool of Arbogast et al. 2008, QIRMS

these errors are
45 important
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6.0

PV error at 200 hPa, forecast — analysis, at 14/00Z
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Davies and Didone 2013, Baumgart et al. 2018

d d d
It PV* = It PVforecast- It PVanalysis
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PV* =PV error = I:)Vforecast _ F>Vanalysis



Davies and Didone 2013, Baumgart et al. 2018

d d d
It PV* = It PVforecast- It PVanalysis
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PV error propagation 2) 13/00Z
1) 12/002

Elongation of PV*
by /~v,,,VPV*

due to -v*VPV,,,

4) 14/002

Elongation of PV*
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Precipitation error, forecast — analysis, at 14/00Z

BT: 20161012_00 UTC+48.0h BT: 20161010_18 UTC+78.0h
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Precipitation error, forecast — analysis, at 14/00Z

BT: 20161012_00 UTC+48.0h BT: 20161010_18 UTC+78.0h
VT:20161014_00 UTC VT: 20161014 _00 UTC
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Do diabatic processes contribute to the ULPV errors?
PV at 320K and WCB intersections with 320 K at 13/12Z

LR STR° 2.
|

= weaker WCB

1 = less diabatic PV

destruction (= pos.
ULPV error)

\/

200 300 400 500 600 700 800 900 1000

“WCB”: ascent > 400hPa/48h

Pressure [hPa|
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Do diabatic processes contribute to the ULPV errors?
PV at 320K and WCB intersections with 320 K at 13/12Z

Bad forecast & = 7x"
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PV inversion and moisture modification

Exp 2) At 12/00Z, the good UL PV and the good moisture (1050-
500 hPa) are replaced by the bad ones in domain 25-68N/30W-5E

BT: 20161012_00 UTC+0.0h
VT:20161012_00 UTC

80°N :

H Good PV e <
s0n || & moisture = > T
I 4 1BadPV& |7 ¢

/ moisture oL
50°N / 1/\,\ V/\gu

% / 8N N
son =" \ ¥ o 151 =

N
? : é\
30°N O 2 9
L SxE |
20°N ESEIRN m
60°W 50°W 40°W 30°W 20°W 10°W 0° 10°E 20°E

-6 -4 -3 -1 0 1 3 4 6
Specific humidity error at 850 hPa (g/kg)



26

oF

)

-
Ll

error 11
/ /f\:\i

/
-

\—>

n

S g

A
O
~ /.

-

~. A - =

6.0

E

AN

w 1 Wt 5 \\ ‘ ¥ /_ 1 —\|7
-\ ' p s 2/ ) P \W & o .A\ Q _\

BN SNE~ B SR, <9 B ' Mvma

b » ~ NS\ S 1 ) -

~ ~ ’ \ l‘ -

- " A\ J s
s /- VeV ,‘\

. A

D

\© }(

N 4 >
4.5

ne

3.0

Exp2) Bad upstream initial PV

TNeW

1.5

0.0

20°\\

-1.5
Potential vorticity error [pvu]

y -

-3.0

—-4.5

-6.0

PV error at 200 hPa, forecast — analysis, at 14/00Z

30 m/s

®)
y—
8
e
3 o
| (@)]
\
, : : =N . N AR
- , e ’ Voo i / Lt
7)) . pl 7 S 1/ SR e red i/ - IERR A VA S S TR e
a N I - V) s XN\ 7 ! C A\ >
O [\~ -+~ M(e \.\i/r//. = mﬂ(a» S e
w - 5 A — . - [T Bl At w2\
nrV - v ) > 2oy - ST 3 s [ A St 1 A “dnd \\«\
O W2 SN YA A A 4 \ﬁ\an - T f \\
Y Y A N \.;\\\ \\1 o ' a® ‘A 'S \1\.
AENSNN VA o \ m LN S ‘] g
d 4 S N U Y e 3 e =
~ N\ 4 « 0 Nt o \v
a /)/r/ -./w~\ A =~ = = s 4 /nv
e NNV g [ LTIl Yl
NN ~ W “,y/ow . - > e
z R 3 Py
3 9> <
,é:\v‘.“m> 3 O < =X V|’
\ i ~ —
NN w“;_., - m ;\M f,/,.vnmw\ ,.“ n
N— o4 - 91 | RSN
- ,va\,.« | - -~ - *\ RN
bt T
« 19 D
- m ..... AN} o\ e SN =
LI ,:M. Cr b C AQ N ;l@@@\ .:4;4/1[.
Y2l - a | —4 (L i
5 SN © 2 MK\ a
LN S o i e e
- =% || 3 - 2 —
- ! i\ s o —< H\M S O H“\f\\ 4 \O\H ” »\\\\“b\\
S f + It 4 \\\l O /- /
4 ' A pg S =
4 ¥y s o . J A bt
w #,.‘, ,/,:w__\.,n,;,‘ > "= 9y (R R \\ f,,.
e - 9 yr/\/\'vy d.m -3 . -y SN
S LR B S P e
vvvvv L —_\— - o~ V Iv.v.v\v.M/W. S~ —— -
Sl . &mBPw PN ik
----- 4 - e . S S 4 d Ll i g I L A B R A R \\ \H
o [l S T
O ~ ~ =\ 7' .\\\ss\JI// a P N - 4. / y -
O I e/ e “« 7 ’ m/t p-i-u B U e Y \_w 4 =
‘i ~a == ] ‘\\\ NN X - — 4~ 7 - = a R | .\x o/.v
Ol F I AR | DR I IE=] B Y IR
b SN - \ 4 N3 PR N PPN \TENE
= =
g 3

50°N

40°N

30°N
£
50°N



Contribution of diabatic processes to ULPV errors
PV at 320K and WCB intersections with 320 K at 13/12Z

= weaker WCB
1 = less diabatic PV

destruction (= pos.
ULPV error)
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Precipitation error, forecast — analysis, at 14/00Z

BT: 20161012_00 UTC+48.0h BT: 20161010_18 UTC+78.0h
VT:20161014_00 UTC VT: 20161014 _00 UTC
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Summary and conclusions

Eastward shift of forecasted precipitation = :

max. and P\ streamer Sanchez in many
probabilistic and deterministic 2-4 day
forecasts.

30°N

VT: 20161014 00 UTC
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VT: 20161014 00 UTC

Summary and conclusions

- Eastward shift of forecasted precipitation “|
max. and PV streamer Sanchez in many
probabilistic and deterministic 2-4 day
forecasts.

30°N

- The misrepresented P\/ streamer primarily
results from the propagation of upstream
UL errors starting with a too weak jet
south of Iceland 2 days before the HIW.
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VT: 20161014 00 UTC

Summary and conclusions ol i IR —

- Eastward shift of forecasted precipitation “|
max. and PV streamer Sanchez in many
probabilistic and deterministic 2-4 day
forecasts.

30°N

- The misrepresented P\/ streamer primarily
results from the propagation of upstream
UL errors starting with a too weak jet
south of Iceland 2 days before the HIW.

- Diabatic processes, in particular the
underestimation of the initial moisture in
the WCB inflow, amplify the ULPV errors.
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VT: 20161014_00 UTC

Summary and conclusions

- Eastward shift of forecasted precipitation “|
max. and PV streamer Sanchez in many
probabilistic and deterministic 2-4 day
forecasts.

- The misrepresented P\ streamer primarily
results from the propagation of upstream
UL errors starting with a too weak jet
south of Iceland 2 days before the HIW.

- Diabatic processes, in particular the
underestimation of the initial moisture in
the WCB inflow, amplify the ULPV errors.

- The precipitation fc is sensitive to both the
representation of the UL flow and the low-
level moisture over the eastern North
Atlantic 2 days before the HIW.
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Future work

Use of NAWDEX observations to investigate a potential link between diabatic
processes and the initial upstream UL errors (underestimation of ridge Thor
and the jet strength)

French Falcon RF14, 11/18Z7

300hPa 000h 20161011H18P vol F14

.........................................

Potential vorticity [pvu]
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PV error propagation in bad high-resolution fc
PV and wind error at 330K
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Forecast quality of precipitation at 00 UTC 14 Oct 2016

Anomaly correlation coefficient (ACC) over southern France

Total precipitation
lon O to 7, lat 42 to 45
VT20161014_00

Good fc |
. /,\/\\//\\ Deep convection
w \\//\\\/\ parameterization:
o S A — Mass flux scheme
N N\l (Bougeault 1985)

— PCMT (Prognostic
Condensates
Microphysics and
Badfc = L Transport)

00000000000000000000
OOOOO

Forecast base time
« Most forecasts are relatively poor in terms of ACC
« FC quality decreases with increasing lead time

« FC quality depends on deep convection scheme (B85 generally better
than PCMT) -



Forecast quality of precipitation at 00 UTC 14 Oct 2016
SAL (Wernli et al. 2008, MWR) - Perfect when S=0, A=0 & L=0

BT: 20161009 00-20161013 00 UTC

VT: 20161014 00 UTC
2.0

- “B85” deep convection

1.5 ) i
parameterization scheme
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(A>0) and structure error (S<0)
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BT: 20161009 00-20161013 00 UTC
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“PCMT” deep convection
parameterization scheme
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v
< e v 1 « 7
m 5 ¢ 8
¥ % .
L ]
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S-component
— , >
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L-component

From BT10/00Z onward fcsts of most B85 members are relatively good
PCMT members: location error (L>0), amplitude slightly overestimated
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SACC
Ensemble sensitivity analysis, IWV | gy * StaUWV )
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Ensemble sensitivity analysis, PV@330K

SACC
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SACC

* Std(PV300npa)
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78h backw tra. starting at 20161014 _00 and PV at 200hPa at 20161012_00

Operational analyses
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78h backw tra. starting at 20161014_00 and PV at 200hPa at 20161012_00 78h backw tra. starting at 20161014_00 and PV at 200hPa at 20161012_00

Operational analyses
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48h backw tra. starting at 20161014_00 and PV at 200hPa at 20161012_00

Good forecast recast

Op. Analyses

Exp2: bad PV
repl. by good
one at 12/00Z

Exp1: good PV
replaced by bad
one at 12/00Z

Exp4: bad
PV &
moisture
repl. by
good ones
at 12/00Z

Exp3: good PV
& moisture
replaced by bad
ones at 12/00Z
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Op. Analyses

Good forecast

Bad forecast

Exp2: bad PV
repl. by good
one at 12/00Z

Exp1: good PV
replaced by bad
one at 12/00Z

Exp4: bad

PV &
Exp3: good PV | moisture
& moisture repl. by
replaced by bad good ones

ones at 12/00Z at 12/00Z
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PV inversion experiments in high-resolution deterministic runs

Exp 1a) At 12/00Z, the good Exp 1b) Opposite of Exp. 1a
PV is replaced by the bad PV (bad PV replaced by good PV
at 100-600 hPa in the domain in the same domain)
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BT: 20161012_00 UTC+0.0h BT: 20161012_00 UTC+0.0h
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PV inversion tool of Arbogast et al. 2008, QUJRMS L



PV error at 200 hPa, forecast — analysis, at 14/00Z
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Precipitation error, forecast — analysis, at 14/00Z
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PV inversion and moisture experiments

Exp 2a) At 12/00Z, the good
UL PV and the good moisture (bad PV and moisture
(1050-500 hPa) are replaced

by the bad ones in domain
25-68N/30W-5E
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Exp 2b): Opposite of Exp. 2a)
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PV error at 200 h

Pa, forecast — analysis, at 14/00Z
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Contribution of diabatic processes to ULPV errors

Good forecast

PV at 320K and WCB mtersectlons Wlth 320 K at13/1ZZ 7
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, forecast — analysis, at 14/00Z
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Precipitation error when only the initial moisture is modified

but not the Initial PV
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