ﬁ"? 'l@

| rierece |
44 |
4 |
Page 1 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

ﬁ"? ’l@

Home Page
Title Page
4 44 |
< 4 |
Page 2 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

ﬁ"? ’l@

Home Page
Title Page
4 44 |
< 4 |
Page 3 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

ﬁ"? ’l@

Home Page
Title Page
4 44 |
< 4 |
Page 3 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

ﬁ"? ’l@

Home Page
Title Page
4 44 |
< 4 |
Page 3 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

ﬁ"? ’l@

Home Page
Title Page
4 44 |
< 4 |
Page 3 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

ﬁ"? ’l@

e Always windy

;Home = = More dra
Title Page e Gravity
]
N
Page = of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

ﬁ"? ’l@

Home Page
Title Page
4 44 |
< 4 |
Page 3 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

ﬁ"? ’l@

-

e

e Always windy

» Pressure bias

Home Page ' s
; = More drag
Title Page e Gravity |
o Modifyir
< » | -
< 3 |
Page 2 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

ﬁ"? ’l@

Home Page
Title Page
4 44 |
< 4 |
Page 4 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

ﬁ"? ’l@

Ay

Tendencies of tk

Home Page
Title Page
4 44 |
< 4 |
Page 4 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

ﬁ"? ’l@

Ay

Tendencies of tk

Home Page
Title Page
4 44 |
< 4 |
Page 4 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

ﬁ"? ’l@

Home Page
Title Page
4 44 |
< 4 |
Page 4 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

ﬁ"? 'l@

Home Page
Title Page
4 44 |
< 4 |
Page 4 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

ﬁn@ Several sub-grid scales o

g .‘c" ; ! R
’ .
‘ 3

R
o
__Fun Sereen_|
o]



http://hirlam.knmi.nl

&

ir "’f _-,_,
F’“\”y Components of the para

2 &
] ; e

o

drag | related to

Home Page
Title Page
4 44 |
< 4 |
Page 6 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

. W

[ lam) Mesoscale orography
ol o

4

Home Page

« dd |
< 14 |
Close



http://hirlam.knmi.nl

ﬁ"? ’l@

Home Page
Title Page
4 44 |
< 4 |
Page 7 of 23
Go Back
Full Screen
Close
Quit

¥ v

Pl
Mesoscale orography
¢ o8 -2k

4

Phenomena


http://hirlam.knmi.nl

ﬁ"? ’l@

Home Page
Title Page
4 44 |
< 4 |
Page 7 of 23
Go Back
Full Screen
Close
Quit

¥ v

»
Mesoscale orography

P

’ s

Phenomena d to buoyancy \


http://hirlam.knmi.nl

.. "

F'?':a\ny Mesoscalg orogi‘.éphy
rE——
Title Page
]
Page 7 of 23
Go Back
Close
Quit



http://hirlam.knmi.nl

.. "

F'?':a\ny Mesoscalg orogi‘.éphy
rE——
Title Page
]
Page 7 of 23
Go Back
Close
Quit



http://hirlam.knmi.nl

.. "

ﬁr"’(’j Mesoscale orogi‘.éphy
L v
Qy - wave genena_ﬁé}) ~NU ol
Page 7 of 23 %ﬂh AN
ym—
=
—

In HIRLAM: simple and classical schem



http://hirlam.knmi.nl

8 ‘7 e

Y e
am) Mesoscale orography (I

o5

Home Page e l -
|  to buoyancy !
44 »» |
< > |
Full Screen
Close
- | . d


http://hirlam.knmi.nl

8 ‘r -

&

H s N
ﬁ""\"y Mesoscale orography (|
Home Page |

[ Tite poge | ne izations from Lilly (1972)

nes added - Lott and

«»] ;

4'4 J’ . l N U o} ;

& ‘éé'tl'jration level, ref
age o b
Full Screen

Close



http://hirlam.knmi.nl

e "

) Small scale orography

Home Page
Title Page
4 44 |
< 4 |
Page S of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

e "

) Small scale orography

4

Effective or orc

Home Page
Title Page
4 44 |
< 4 |
Page S of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

¥ ¢

- e N
ﬁn@ Small scale orography |t

et 4

4

Effective or o

Home Page Problems (o)
I
]

Close



http://hirlam.knmi.nl

¥ ¢

- e N
ﬁn@ Small scale orography |t

et 4

4

Home Page

« dd |
< 14 |
Close



http://hirlam.knmi.nl

. "

Hir ﬂ‘ : b
f\l@ Small scale orography (
f" ~ e

Home Page
M - all scal
- indirect:
L] e
I
Close



http://hirlam.knmi.nl

. "

Hir ﬂ‘ : b
f\l@ Small scale orography (
f" ~ e

Effective or orogr:

H P.
_ tome Page_| Problems of
it page| - Al s
- indirect:
4 »» |
4 > |
Close



http://hirlam.knmi.nl

. "

Hir ﬂ‘ : b
f\l@ Small scale orography (
f" ~ e

Home Page
M - all scal
- indirect:
L] =
I
Close



http://hirlam.knmi.nl

.. M

Hir, P .
F’“\"y Small scale orography |

Effective or o :

Home Page
Title Page
| B
;l y = tuning paw

Alternative -*gv
Page 8 of 23
Go Back
Full Screen
Close
Quit



http://hirlam.knmi.nl

.. "

Hir, ﬂ‘; ; b
F'@ Small scale orography |

Home Page
Title Page
4 44 |
< 4 |
Page S of 23
Go Back
Full Screen
Close
Quit

- SSO directly influence (%),



http://hirlam.knmi.nl

.. "

Hir ﬂ‘; ; B
F'@ Small scale orography |

Effective or

_ Home Page | Problems of tk
Title Page
«“ » |
< » | = tuning pa;m
3 W

Alternative - V gqg“e:b al. (2001), Wils:
Page 5 of 23 s & :

- SSO directly influence (2%),

Go Back - stability effects included via u,

Full Screen
Close
Quit



http://hirlam.knmi.nl

dr -

ir "’f o
F"’(’j Small scale orography |

."‘

L« n ]
RN

Go Back - stability effects included via u.

Alternative Wodg,,,et‘al (2001), Wils

- SSO directly influence (%),

Ml - three-dimensionality by exp(—z/1)

Close
Quit



http://hirlam.knmi.nl

8 ¢ 3

&

Y >
F!a\rry Small scale orography (

i

o

."‘

Effective or oro

Home Page
Title Page
I (|
[ [T
Page S of 23
Go Back - stability effects included via wu.

Full Screen
Close
Quit

- three-dimensionality by exp(—z/I)

In HIRLAM: z,, used, alternative apprc



http://hirlam.knmi.nl

dr a

&

ir "’f
F'@ Orography parameters

s
i g

o

variable definition

L« n ]
RN

cale orographic stress

Page 9 of 23 L
(&2 % orographic roughness ;
St averaged maximum slope Sme:
Go Back = N
ot smallest scale standard deviation

Full Screen For turbulence over flat rough si

roughness

Close
Quit



http://hirlam.knmi.nl

Hi i gt N
[T"“\”y Source: digital elevation

B

Home Page
Title Page

-Compound

4 »» | I:‘];:Xgraphic
< 2 | HYDRO1
Eu

Flow Direction

Page 10 of 23
Go Back
Full Screen
Close
Quit

".‘:A‘f

Flow Accumulation Drainage Basins



http://hirlam.knmi.nl

Bitication pictures

ﬁ"? 'I@

Home Page
i |  reference HIRLAM w
3  RC33 but SSO parz
NO33 but MSO para
4 44 |
b= 1 m - - ‘
e 1 area with Ax=33 km/40

HIRLAM v. 6-&& .gpundarles from 33 kn _ /
ElE e G 6.2.2 run at ECMWEF for the year 200 0,

archive.

Full Screen
Close |
A : : : 3


http://hirlam.knmi.nl

F'\i ’la\ny

Mean and RMS error (hPa)

Mean speed and RMS vector error (m/s)

Station verification

against EWG observations
RC33 (left) NO33 (right)
Period: 20000119 - 20000129
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Mean and RMS error (hPa)

Mean speed and RMS vector error (m/s)

against EWG observations
RC33 (left) NT33 (right)
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New experiments and verification pictures

R33 and R11 reference HIRLAM =~ 6.3.5
O33 and O11 MSO 4 SSO parametrizations
B33 and B11 MSO 4+ ECMWEF SSO parametrizations

10N -

SNp-

EQ{ -

554-----

10S1- -

1554 =y

2081 (3

-4 - . < o
15W 10w 5w 0 SE 10E 15E 20E 25E

Integration areas of the 33 km (full area of the map) and 11 km (box outlined
by dashed line) experiments. Shown in the figure are isolines of the surface
elevation (whole area, isoline spacing 300 m) and mean sea level pressure
averaged over January 2000 (small area, given by the +448h forecasts of the
experiment O33, isoline spacing 5 hPa).
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Mean speed and RMS vector error (m/s)
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Mean and RMS error (hPa)

Mean speed and RMS vector error (m/s)

against Is] observations
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verification
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Lowest model level wind speed
January 2000 OOUTC+448h

033

9 12 15 18 il 24 27 3

R33

9 12 15 18 i1 24 7 3

R33

R33=Reference experiment, O33=MSO-Hirlam style SSO,
B33=MSO-+ECMWEF style SSO. Unit: m/s, area: Iceland.
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Total surface stress,
January 2000 OOUTC+448h

033

R33 R33

R33=Reference experiment, O33=MSO-Hirlam style SSO,
B33=MSO+ECMWEF style SSO. Unit: Pa, area: Iceland. Note
different scales of the axes!
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