A model hierarchy for data-driven gravity wave parameterization
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« A key metric of gravity wave (GW) parameterization tuning is « The control GW spectrum corresponds to the unique « The long-term QBO response is (unrealistically) regular, « Our emulators were trained on the optimal/observed source
the fidelity of the simulated Quasi-Biennial Oscillation (QBO). combination of wave flux and spectral width that yields the compared to both observations and higher complexity models. distribution, but a model’s source distribution can be biased.

- Simulated QBOs in an intermediate complexity atmospheric “observed” QBO amplitude (o) and period (t) according to (*). « Control run is stable for 108 years with a realistic QBO period. - Consider the emulated solution forced by the biased source
model (MiMA), forced with emulators of physics-based GW o) Phyica distribution indicated by black * in box (3):

parameterlzathn (AD991), a.re h|gh|y Val’lab|e [0_(25 km)—33 m/S]Z [0_(20 km)—19 m/S]Z [T(ZS km)—28 monthS]Z 33 (a) Physical w. biased sources
* 35 4 : - - - : - - - : ' '
| | [33 m/s]? [19 m/s]? [28 months]? ( ) Ezg >
02 AD99 — 29.7 + 2.0 month period, 15.4 = 0.1 m s~ amplitude 6 v o5 L T2a T ZESMNONINS.Y NSNS IDoDD SRERRM C_oDo0 Rl = 52.0 | ‘___:_ 59
5 3:3- . 28 WY VDY WY N v i é;; . 3 R = A -
< 8.7 - I 23
o >00 1o 9% 97 98 99 100 101 102 103 104 105 106 107 108 e - 20 ST
112.0 o |6 1.2 1I8 4 B mOdeI year 17 4 T I I : , . T . T . T t
boosted forest — 12.0 + 0.3 month period, 8.3 + 0.1 m s~! amplitude - _ 6 37 98 99 100 101 102 103 104 105 106 107 108
0.2 [16 4.50 -56 -42 _2'8 _i4 o 1'4 2I8 42 56 (b) Neural network w. biased sources
1.2 4 'g _ ms—l 35 4 L L L L L L L L L L L 1
_ 33 E © E 33
£ 871 03 £ S 31
> 16l g I% 4.00 ’T,S, lo-1 - Amplitude(25 km) __ Amplitude(20 km) Period(25 km) 29
il | - : _ o | T £, N T AT O
boosted forest with shear — 30.1 = 1.9 month period, 14.0 = 0.1 m s~! amplitude £ 7 % ] ] :H 8 23 _ _
02 L 32 3.50 75 ] ] 21, . . . WY, G Y 020 =193ms " T
1.2: \@4- 19-_
£ . . 5 V96 97 98 99 100 101 102 103 104 105 106 107 108
® 2164 2 00 Lo | 5 € model year
>0 25 30 35 40 45 5 10 15 20 25 3_3 y - T -
n20g ; o 5 2 s mean (c,) [ms] STD (c) [ms™] 30 40 30 40 56 -42 28  -14 0 14 28 42 56
= | = T mean (c,) [ms™!] mean (c,) [ms™1] mean (c,) [ms™1] ms-1
) -1 0 -3 -2 -1
Logio (Objective function) Logi1o (Objective function) :_ :_ :—
12 24 32 48 8 16 24 32 16 32 48 . . . .
+ Sensitivity analysis of the QBO response to external forces me e e * How can we adjust the data-driven GW parameterization to
- - : . . . . . ield the desired QBO statistics as in (*)?
(e.g., CO,) and GW parameters is computationally taxing. « The mean wave flux and spectral width required to capture .+ The dependencies of the amplitude and period on the GW y Q ()
L W . « , . . . . « One approach is to re-map the biased source distribution to
« We explore the generalization and calibration of data-driven the “observed” QBO in the 1D model are remarkably similar to wave flux and spectral width agree with both lower (HL722 PP P
T - . . . the optimal source distribution:
GW parameterization in a 1D QBO model testbed. those found in higher complexity models. and P773) and higher (G22%) complexity models. P

] - ] . . Fs0, Cw} — CDFO_pltimal(CDFBiased ({Fso, Cw}))
(2) Model and stochastic wave forcing ¢ (5) Emulation —) (6) Generalization P o
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* A hybrid of the 1D QBO models studied in HL722 and P773, « We train different emulators using the “optimal” GW flux * How well do emulators trained on a single source distribution 0gy ' plosed
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forced by a collection of monochromatic waves packets: distribution for the training data. generalize to nearby source distributions? 5.,
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the total source flux Fgy = ).; |4;| and spectral width c,, are
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drawn from a bi-variate log-normal distribution.
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