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Introduction Diagnhosing Instabilities Nudging to Climatology

The Met Office aims to extend its Running the UM with existing In the meantime, these instabilities are addressed by nudging

Unified Model (UM) for weather and Model_uwind at 94km_at 19881210 09:40:00 parametrisations and a raised lid the mesosphere and thermosphere (above 70km) to a 200
climate into a whole-atmosphere lead to unstable and inaccurate climatological temperature profile. This is a Newtonian relaxation 60f
model to simulate the atmosphere : 1. . solutions. These were due to huge, to a globally uniform temperature profile (Figure 2) with a 1eof
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unphysical changes in wind speed timescale of 24 hours.
velocities at adjacent grid points at
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covers a range of activities taking i | the South Pole. (Figure 1). It is based on the US Standard Atmosphere temperature profile “’0;'
place in developing and assessing T\ e between 70 and 86km, and the COSPAR International Reference i 0 N
ono .0 5 . . . . 200 400 600 800 1000 1200
the capabillities of this Extended UM. These high altitude polar wind Atmosphere between 86 and 119.7km. Above this, the /K
B ==~~~ T speeds are primarily driven by: temperature asymptotes to a selected exobase temperature. Figure 2: Global mean temperature
hi T : - t of th R . Short diati o Thi I t t diff t ts of th | | profile used for the nudging scheme.
This work is an important part of the esterly Wind /m s ortwave radiative heating Is allows us to represent different parts of the solar cycle. Exobase temperatures of 800K (solid),
EU Horizon 2020 project: SWAMI Figure 1: Stereographic plot of westerly * Chemical heating 1000K (dotted), 1200K (dashed) and
(Space Weather Atmosphere Model ;’CV)'S?T]'Q 2 100km altitude jt'rr:‘;lﬁgo” atthe | Radiation and chemistry schemes This gives a reasonably accurate and robust representation of 1500K (dot-dashed) are shown.
and Indices). ' for the UM are still in development. the mean state of the mesosphere and thermosphere.
EXten d ed U M ASS essm ent Figure 3 shows zonal wind profiles for different resolutions, and a Figure 4 shows the meridional wind profile in a simulation
: climatology to compare it against. It can be seen here that the various with a 135km model top boundary. The main feature this
The UM now includes: : | : vertical and horizontal resolutions considered all give wind structures that | | plot demonstrates are the high polar wind speeds in the
- Nudging to climatology from either 70km altitude, or from 90km altitude resemble the climatology. Therefore, the coarser N96 horizontal and 3km | | MLT region.
with a 10km linear function from 80km to introduce the nudging gradually. vertical resolutions should be sufficient to capture circulation in the MLT
» Updated NLTE (non-local-thermodynamic-equilibrium) radiation scheme region. (Note that here, N represents the maximum number of zonal 2 The UM runs on multiple processors, each with a ‘halo’ to
(see David Jackson’s poster 11 for more detalls). grid-point waves that can be represented) account for semi-Lagrangian trajectories that originate
Here, we assess the UM'’s currgnt capabilities asitis extende_d upwards .above _ _ outside their processing areas. This is usually restricted
100km, varying the range__of altitudes, and ho_rlzontal and vertical resolutions. | * H_O”ZO”Fa' Resolution | | in the North-South direction as most horizontal motion is
The reSUItS O.I: Some Stablllty teStS are Shown In Table 1. Itcan be Seen that lOg\i’esterly (u) wind for N96, 3km vertical resolution 1(;f(\]les,terly (u) wind for N216, 3km vertical resolution .120 In the East_WeS't dlrectlon. These Iarge North_SOuth
V\l_lth higher top model_ boun_darles_and higher rgsolutmns_, It becomes more velocities may not be unphysically large, but they
difficult to Complete simulations without numerical damplng. % 60 1 ° 601 - generate many North-South halo advection errors that
s| = “ cause UM simulations to fall.
Table 1: This table shows the : _ _ o _ 5 20 20
minimum vertical damping Mo_del Vertlcal_ Nudging Height Mlnlm_um vertlggl g | s P
coefficient required for the Height  Resolution damping coefficient ks E R EREEEEIEE I 135 T ——— _ l36
Extended UM '[O remain Stable 100km 3km NoO nudging 0.05 C_U l‘é‘\éesterly (u) wind for N96, 1.5km vertical resolution s = Zon\a:u/oj:oZonal wrnf%%!ﬁ 24 120 4 - N
for a year for different model 1 5km No nudging 0.55 = N ::ﬁi@ = 105 ]
top _boundary h_elghts and 20Kk 0.15 L - g - ===\ o i
vertical resolutions. + i 2ol £ ] 9
All simulations are performed il e £ B o 24 2
with N96 horizontal resolution ~ 120km 3km 70km 0.1 N B : g & o
(which corresponds to ~400km 90Kkm 0.15 N8 : ° L 45 L o
horizontal grid spacing). 1.5k 20km 0.7 R v P L;tfﬁ,def’degrfis, PR — A I PR 30 1 N
o 90km N/A Figure 3: Latitude-altitude plots of 6-hour zonal mean zonal wind in June for 100km altitude 1 I_27
I\!/A |nd_|cates that the 135km 3Km 20km 0.35 simulations with no nudging and: "% 0 a0 30 0 20 4 60 8o
simulation could not be 00K 0 (upper left) 3km vertical resolution and N96 horizontal resolution with damping coefficient 0.05. _ _ _ Latitude (degrees) o o
completed for any amount of m =9 (upper right) 3km vertical resolution and N216 horizontal resolution with damping coefficient 0.6. Figure 4: Latitude-altitude plot of 6-hour zonal mean meridional wind in
vertical damping. 1.5km 70km N/A (lower left) 1.5km vertical resolution and N96 horizontal resolution with damping coefficient 0.55. June for a 135km altitude simulation with N96 horizontal and 1.5km
150km  3km 70km N/A (lower right) zonal mean zonal wind climatology in June derived from the UARS Reference vertical resolution, with nudging to climatology from 90km with a 10km
Atmosphere Project (URAP) [1]. gradual linear introduction of nudging, and damping coefficient 0.55.
Figure 5 shows that the expected wind reversal above 90km (from the MO I ecu I ar V| SCOS |t an d DI ffu S | on The flowchart below illustrates the structure that
climatology shown in Figure 3) is also captured as the top boundary is | | 2 y | - the viscous scheme will have within the UM. The
raised up from 100km to 135km. Molecular viscosity and diffusion are real physical processes that have a significant UM’s incremental solver itself is not changed: this
damplng effect on yertlcally p_ropagatmg waves in the thermOSphere (above.130km). scheme finds new operators that account for the
135 Westerly (u) wind for 100km model lid Westerly (u) wind for 120km model lid Westerly (u) wind for 135km model lid o 20 The non_hydrostatlc fOfIT]Ulatlon Of the UM a”OWS for hlgh_frequency acoustlc waves. VlSCOUS termS, that are Used as Inputs by the
N | - | I These are challenging to smu_late, but they are important in geomagnetic storms and incremental solver and backsubstitution routines.
o need to be represented realistically as the UM is extended upwards.
if "1 : Lon-Alt plot for w (ms~-1) at lon-level 32 after 1 days [—Start ﬂf UM tlmEEtep—]
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Figure 5: Latitude-altitude plots of the zonal mean zonal wind in June 2001 with an N96 : = eof = o0 1 | {-o0e _
horizontal resolution, 3km vertical resolution and nudging applied from 90km altitude with: (the part of the UM tha_t s sof (N aof { M. incﬁ:ﬁnfntal ho
1. 100km altitude top boundary with a damping coefficient of 0.05, solves the Euler equations solver?
2. 120km altitude top boundary with a damping coefficient of 0.2, for fluid dynamics) that I —— o
3. 135km altitude top boundary with a damping coefficient of 0.55. - - renatude fedens oot fedens y o
_ - _ IOCIUd?S Vertlcql mc_)leCUIar Figure 7: Longitude-altitude plots at the equator of vertical i
Figure 6 shows the sharp rise in the temperature profile as the top viscosity and diffusion. velocities from the stand-alone version of ENDGame after one e o
boundary IS raised. This is Captured effective|y with a combination of the Flgure 7 shows the day for a baroclinic wave test with (left) the original formulation scheme?
NLTE radiation scheme and the nudging to the thermosphere climatology. | | damping effect that and (right) the new formulation with vertical molecular viscosity ; Yes
: : and diffusion with 30 minute timesteps. The muted colours above
molecular viscosity and ) . . . Generate
] . ] o i o diffusion h icall 130km in the right-hand plot illustrate the damping effect of and A
155 emperature for m model li emperature for m model li emperature for m model li __460 I USIOn | ave On Vertlca y Vert|ca| molecular VISCOSIty and dIﬂ:USIOn [3]
propagating waves. The [ |
stability of ENDGame is improved greatly too: much less numerical damping (in the Generate Generate Generate Generate
- form of off-centering of ENDGame’s semi-implicit timestepping scheme) is required in T andT, Tw Te Verrhs
order to extend the top model boundary of ENDGame to over 200km. |
220 Generate
180 . - c 5 . P
e — JEE— R — As this worked very well for the stand-alone ENDGame, it will be implemented in the £
D T Gietsearees oo s UM as well. It is also envisaged that its inclusion will negate the need for the sponge 1 : I
Figure 6: Latitude-altitude plots of the zonal mean temperature in June 2001 with an N96 layer in the UM in simulations with a top model boundary higher than 130km. invert T, | [ TnvertT, | Invert P,
horizontal resolution, 3km vertical resolution and nudging applied from 90km altitude with:
1. 100km altitude top boundary with a damping coefficient of 0.05, ' ‘ | i
2. 120km altitude top boundary with a damping coefficient of 0.2, New H New H New H New R
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3. 135km altitude top boundary with a damping coefficient of 0.55. Refe r' e n C eS an d AC k n OWl ed g m e n tS ' '
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