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Ororad

To account for slope, shadow and sky view effects on
short- and longwave radiation at the surface:
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Orotur

To account for the impact of the subgrid-scale orography
on the surface layer momentum fluxes:




Ororad

slope shadow sky view effects

Trigonometry ...

but how to describe the subgrid-scale orography
properties in a NWP model?



Principles

1. Average the fluxes, not orography

e.g. net SW radiation

net — [ Slﬁ(h ) Si,dr 0
+[(1 — Cf 15,47 .0-

- small-scale orography features have
been condensed to grid-scale slope,
shadow and sky view factors

How to derive them optimally?



Variables

Table 1. Orography-related parameters within grid resolution

parameter  description unit usage remarks
HA. mean surface elevation m  dynamics smoothed
O sso subgrid-scale scale standard deviation m momentum
Ssso mean subgrid-scale slope angle rad notapplied eigenvalue of gradient correlation tensor
P i slope angle in direction ¢ rad  radiation
| fi fraction of slope in direction ¢ - radiation
hy local horizon in direction 7 rad radiation
Ve ? : P N . .
Osv sky view factor - radiation derived, runtime
Oal slope factor - radiation derived, runtime

Osh shadow factor - radiation | derived, runtime




Variables

Table 1. Orography-related parameters within grid resolution

parameter  description unit usage remarks
HA. mean surface elevation m  dynamics smoothed
O sso subgrid-scale scale standard deviation m momentum
Seso mean subgrid-scale slope angle rad notapplied eigenvalue of gradient correlation tensor
R slope angle in direction i rad  radiation
| fi fraction of slope in direction ¢ - radiation
hh.i local horizon in direction % rad  radiation
Osv sky view factor - radiation derived, runtime
Oal slope factor - radiation derived, runtime

Osh shadow factor - radiation derived, runtime




Principles

2. Mind the physics of scales
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Principles

3. KISS: keep it simple, stupid

Integrated into the NWP model in runtime?
Preprocessed?

Postprocessed?
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min 0.00 max

Fraction of
SE slopes

1.00 ave

min 0.10 max 46.99 ave

- 40

Mean maximum
SE slope

Fraction of
SE slopes

grid-scale by cy43 PGD
min  0.00 max 29.93 ave @

- 25

Mean maximum
SE slope
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Calculations for each SRTM point, statistics for each gridsquare

Maximum slope among 8 neighbours for each SRTM point:;
- slope direction - pick to own direction sector (e.g. SE) within each gridsquare

- slope angle - calculate mean maximum slope of each sector within gridsquare




Using gridsquare average h results in a different variable, explicit slope
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Eigenvalues of the tensor

Principal axis = direction with
respect to model grid

Mean subgrid-scale
slope

—

Asymmetry factor
(form of the ellipsoid)
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All three* methods are already available somewhere in SURFEX

1) Import fine-resolution slopes — read and
average in PGD physiography generation:
ororad experiments in cy38

2) Use mean elevation: alternative for ororad
in cy43

3) Calculate tensor for SSO: originally for

gravity wave parametrizations in the
atmospheric model IFS-ARPEGE -» ALADIN -
SURFEX orographic drag

3a) Subtensors: alternative for ororad in cy43



Fraction of
SE slopes

srtm-external for cy38

- 1.0

- 0.8

0.10 max  46.99 ave

Mean maximum
SE slope

min 0.00 max 0.85 ave 0.06

Fraction of

SE slopes

3a)

ﬂ subgrid-scale by ¢\

min 0.00 max 54.93 ave

Mean maximum

SE slope =



min

-90.00 max

90.00 ave

Sso slope

29.43

min 0.00 max 1.00 ave 0.13

9.9/

0.00 max

1.00 ave

0.06

- 1.0

- 0.8

min 0.00 max 29.93 ave 0.18

ﬂ grid-scale by cy43 PGD
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Calculation of local horizon angle around each SRTM point
by scanning one-degree direction angles in 8 sectors.
Statistics for grid-scale sky-view and shadow factors




Result: local horizon around each SRTM point

. th
Observed horizon no

(grey shaded area)

and calculated local

horizon angles (blue
dots and green

circles) around the
Alpine station

St. Leonhard/Pitztal,

Austria.

west east

Blue dots are in SRTM
grid, green circles
estimated for NWP
gridpoint (2500m)

Red and blue lines
show the path of the
sun at the winter (blue)
and summer (red)
solstice.

south



Sky view factor based on subgrid/grid-scale local horizon

min

0.61 max 1.00 ave

0.97

min

“Senkova” subgrid-
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There are different possibilities and the results
differ. However, the sky view factor is averaged
from the local horizon angles of different
directions that makes it quite smooth in grid-scale

Manners = slope of the starting point is taken into account when
calculating the sky view factor. This is more correct, but the result depends
on definition of the slope.

Senkova = starting point is assumed flat. This is more approximate.



Ororad sensitivities

MUSC cy38 experiments over Krasnaya Polyana, Sochi
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MUSC cy43 experiments over Krasnaya Polyana: influence of different orofields
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MUSC cy43 experiments over Krasnaya Polyana: influence of different orofields
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MUSC cy43 experiments over Krasnaya Polyana: influence of different orofields
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Orotur

In this study, a simplified version of the HIRLAM smallest-scale orographic turbulence parametrization
(Rontu} 2006), hereafter referred to as orotur, was tried in HARMONIE. The suggested scheme is another
realization of the Wood et al.|(2001) idea of handling the non-separated sheltering effect. The surface value
of the subgrid-scale orographic stress 7, (horizontal momentum flux in the surface layer given in units of

Pa) is related to the subgrid-scale orography variance o2, , multiplied by the turbulent stress 7,

where C,, is the subgrid-scale orography drag coefficient and 7;5 denotes the turbulent surface stress

Trs=psw'v’. ps stands for the air density at the surface, overline denotes average over a gridsquare and w’
and v’ are deviations of the vertical and horizontal wind components from the average, respectively. Finally,
the total stress 7¢,¢ 1s obtained as a sum of the orographic and turbulent components

— — — 2 —
Ttot = Tos T Tts = (1 + OOJSSO)Tts (2)

The coefficien{ C, = CGOVO%) (V% + Vﬂ,2 where V,,;.,, denotes the lowest model level wind speed,

nlev
Cyho = o/ Az?, o and ., are tnable constants (in the first trials set to 100 m? and 8 m?/s?, respectively)

and Ax denotes the model’s horizontal resolution (grid size in metres). The idea behind the wind scaling

was to increase the drag on the weakest winds by accounting for the surface layer wind shear. Inclusion of
Ax?-scaling was done in order to roughly relate the orography variations to the steepness of subgrid-scale

slopes in each gridsquare.



Variables

Only one orovariable is used for orotur:

Table 1. Orography-related parameters within grid resolution

the subgrid-scale standard deviation of surface elevation

parameter  description unit usage remarks
Hax mean surface elevation m  dynamics smoothed
[Jsso subgrid-scale scale standard deviation m momentum]
Ssso mean subgrid-scale slope angle rad notapplied eigenvalue of gradient correlation tensor
P i slope angle in direction ¢ rad  radiation
fi fraction of slope in direction ¢ - radiation
hp i local horizon in direction 2 rad radiation
Os sky view factor - radiation derived, runtime
Ol slope factor - radiation derived, runtime
Osh shadow factor - radiation derived, runtime

[Tap—y




Wind sensitivity example (old)
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Wind speed (m/s) as a function of height (m, y-axis) and time (
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Next steps within cy43

Checking and optimizing the code in cy43 - SURFEX 9 »- cy45
ORORAD

* Compare external v.s. subtensor slopes, local horizon
and skyview factor
* Do not use slopes based on grid-average sfc elevation

Model-observation intercomparison
* Over Alps using global SW radiation observations

OROTUR

* Testing, tuning, choosing basic orovariable
* Study the interactions with surface layer turbulence
parametrizations and their roughness definitions

Model-observation intercomparison
* Find an area with representative wind observations,
downscale model wind towards point observations



Thank you for your attention!
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