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Effective resolution

pressure drag/pressure drag with 20 grid points
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. Gravity wave
Orographic drag scheme ST reakng
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= MetOffice  Orographic drag is important for circulation
across timescales and resolutions

Climate timescales and low resolutions (~150km)
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= MetOffice  Orographic drag is important for circulation
across timescales and resolutions

Short range forecasts and high(er) resolutions (~50km)
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AImSs
Use short range (24 hour) limited area Unified Model simulations at a

range of resolutions and assume highest resolution simulations
represent the “truth”.

 e.g. Vosper et al. (2016) Orographic drag on islands in the NWP mountain
grey zone, QJRMS.
Use high resolution model simulations to:

«  Constrain the uncertain parameters in orographic drag scheme

« Understand how model resolved and parametrized drag (from GWs, flow
blocking etc) behaves across a range of resolutions.

 Understand how this varies for different orographic shapes/regions across
the globe.



2 MetOffice |SOlated Islands In the Southern Ocean

South Georgia

New Zealand

Consider simpler orography:

» Closer to the approximations made
in parametrization schemes - i.e.
isolated, unaffected by rotation (1 <
1000km) etc

E

« Simpler flow regimes (compared
with other orography)



Near surface winds

ZMetOffice  South Georgia — 6km
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ZMetOffice  South Georgia — 1.5km

Vertical wind (w")
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—20ms™'  Wind speed (ms™)
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Near surface winds

Wind speed (ms™!)

New Zealand — 2km
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Resolved mountain pressure drag:

D = (D,, D) = ffp (dh/0x, dh/dy) dxdy,

/NN

Pressure perturbation Orographic gradient
due to orography in X and y directions
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How well is the total drag represented across a range
of model resolutions?

Plots shows time-mean resolved and
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How well is the total drag represented across a range
of model resolutions?

Plots shows time-mean resolved and
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parametrized surface pressure drag
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Large scale extended mountain ranges

Rockies Himalayas
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« Complex and multi-scaled orography
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Plots shows time-mean
surface pressure drag
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2= Met Office Rockies

Parametrized and resolved drag variability is also well matched
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1000 km
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High resolution (4km) simulation with | High resolution (4km) simulation
low resolution (150km) orography with high resolution orography i
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Plot shows D, = %ffp’(ﬂh/ax)dxdy (
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MetOffice Himalayas

Plot shows D f[p (0h/dx) dxdy | C
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MetOffice Himalayas

Plot shows D, = %ffp’(ﬂh/ax)dxdy
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MetOffice Himalayas
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MetOffhce Himalayas
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South Georgia

New Zealand
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=ZMetOffice  Conclusions

» High resolution simulations are useful for understanding interactions with
orography and for constraining parametrized drag

« The orographic drag scheme, when suitably tuned, can represent the resolved
drag well

» ...but results suggest this requires different tuning for different mountain ranges
(and regions within mountain ranges)

 May be explained by the need for the drag scheme to represent processes on
scales as large as ~10Ax, not just sub-grid processes

» Suggests that drag schemes should explicitly represent scales larger than the
grid scale

« Other aspects of the scheme (e.g. wind shear) also need to be considered over
more complex and higher mountain ranges (i.e. the Himalayas)



