The Semi-Lagrangian
Horizontal Diffusion Scheme

Martina Tudor and Filip Vana?

1 Meteorological and Hydrological Service, Gri¢ 3, Zagreb, Croatia



Outline

« 4" order numercal diffusion and semi-
lagrangian horizontal diffusion

 Case studies in 8 km resolution
— Upper level cyclone
— Twin cyclones
Fog in anticyclone
e Case studies in 2 km resolution
— severe and mild bura

* Summary
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SLHD

Semi-Lagrangian advection
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SLHD (2)
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ALADIN/LACE WJETAR + Z na S00hPa u 183Z13JAN2002 UTC 42h forecast
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AT500 and wind obtained
with numerical diffusion (top
left), SLHD (top) and their
difference (left), 42 hour
forecast starting from 00
UTC 12th January 2002.
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ALADIN/HR wind D0ZZBJANZ0O05S UTC 48h forecast New ALADIN/HR wind DOZ2ZBJANZODS UTC 48h forecast
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10m wind and mean sea

= level pressure obtained with

numerical diffusion (top
left), SLHD (top) and their
difference (left), 48 hour
forecast starting from 00
UTC 24th January 2005.
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ALADIN/HRNS wind 4+ Z 850hPa DOZ2BJANZODS UTC 48h forecast
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Fog case

ALADIN /HR high medium and low cloudiness 067 150ECZ004 UTC 3Ch fa ast ALADIN/HR high medium and low cloudiness 067 150ECZ004 UTC 3Ch fa ast
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* Low, medium and high cloudiness, numerical diffusion
(left) and SLHD (right), 30 hour forecast starting from
00 UTC 14th December 2004.
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Comparison to data
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High resolution cases

two cases of bura:

14" November 2004, severe bura

4 November 2003: very weak and
localized in the area close to the town of
Senj
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« 14t November 2004

10m wind 18Z14NOV2004 UTC 42h forecast

/ﬂ’““““{/{f“s’/{ "
SR e e
et e e ]

1450 ] RO SRS R ¢ AR - e i
T 1 ]

e e o

4440 T e e e e ]

AT e e e e ]

)] S : . ._ i o
Fre
441N
44
433N

43.8M

10m WIND (m/a)

437N

BAZE 00z13nov2004 AU S A A NP
VALID 1 BZ14NOV2004 //// Frs .{{‘

15E 15.2E 15.4E 15.6E 15.8E 1 6E 16.2E

34 7.z 245 327 (s}

55 & 10.8 1
Maximurn wind spesd 38.534Z m/=

44.7H

44 64

4454

44.4N

443N

4424

44,14

140

4344

43.8M

43,74

43.6M -

10m wind 1321 4NOV2Z004 UTC 42h ferecast

{e’//[.{((x’/.fn/{..... Lt
&'\\.4__

e/./‘[’.;//.{’a/ln//(’ Pt
Eal il A e
Bl A d

-f*J&'noa‘/.//./-/!!/ 7

10m WIinD (m/a)

BASE OCz13novZ2004
“WaLlD 18Z1 4HOv2004

B e H'KE";’AK kol 5 g
f.f{!{{///{{/rk P ey

e et ]
e i \“‘egrwd—wg{ .
e T T e e gt e e
A e e e

k““‘*s—rr{{ o
iy o
/(‘—“""—4—"({(( o

Lty

15,76 15,4 15.8E

15.6E

5.5 i} 10.6 17.2 245 32.7
Waximumn wind spesd 33.8231 m/=

« 10m wind, hydrostatic (left) and nonhydrostatic (right
42 hour forecast starting 00 UTC 13" November 2004

e maslenica domain

SSS06

Sestroretsk, 12-16 June 2006

13



Hase: 13—-11-2004 00 TUTC
Valid: 14-11-32004 18 TUTC

|hor‘120ntal wind [m/s]|

Bage: 13—-11-2004 00 UTC
Valid: 14-11-2004 18 UTC

|h0rizontal wind [m,/ s]|

temperature [°C] 91«::;;1 ternperature [°C]
40,0 } E\}; E g? 40,0
37.5 E R P S 37.5
wa gh\} ﬁ ﬁ{f:‘\ 35.0
i 32.59 .} /%/ %.- :’_,_ \HE\“ 32.5
o /= 30.0 i 1~ b 2ol 30.0
©0 Ty ﬁ/f’zf : . eg-__ht‘——i——_u/ﬁéji < IIIIE e
e =0 | L2 2E e o 2.0
RS 2 wo CTIR I ESS iy
-—‘.‘E—@%i: 17.6 :"j:ﬁ’ :“Z‘“Emf: = 17.5
3.8 = 5 E ; 5.0 5, = Eﬂ ‘5’ 15.00
e 12.5 12.5
0.0 10.0
1.E 7.5 1.5 T8
5.0 5.4
: 2.5 2.5
15?]1 119 m 1601 4461 1;;_11 119 111 16[]1I 4461
 vertical cross-section of horizontal wind
42 hour forecast starting 00 UTC 13" November 2004
* hydrostatic (left) and nonhydrostatic (right)
SSS06 Sestroretsk, 12-16 June 2006 14



« 14t November 2004
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—vertical cross-section of vertical wind speed (omega)
—42 hour forecast starting 00 UTC 13" November 2004
—numerical diffusion (left) and SLHD (right)
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—vertical cross-section of vertical potential vorticity
—42 hour forecast starting 00 UTC 13" November 2004
—numerical diffusion (left) and SLHD (right)
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4" November 2003
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—vertical cross-section of horizontal wind
—30 hour forecast starting 00 UTC 3@ November 2003
—numerical diffusion (left) and SLHD (right)
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—vertical cross-section of vertical wind speed (omega)
—30 hour forecast starting 00 UTC 3@ November 2003
—numerical diffusion (left) and SLHD (right)
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—30 hour forecast starting 00 UTC 3@ November 2003
—numerical diffusion (left) and SLHD (right)
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Summary

* Semi-Lagrangian Horizontal Diffusion
(SLHD) shows beneficial impact on the

— reduction of the overestimated cyclone
iIntensity and correction of cyclone position
while not altering a good intensity prediction,

— improvement of fog forecast in the valleys in
an anticyclone

* |In high resolution (2 km) it might need to
be retuned
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