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S1 Dynamic instability and turbulence

In this section, we provide an in-depth analysis of the temporal evolution of N2, S2 and S2′ with respect to the occurrence

of gradient Richardson number Ri and their implications turbulence and dynamic instability in the LMS across various

simulations. The results are derived from two-dimensional probability density functions (PDFs), which quantify the distri-

bution of N2-S2, and N2-S2′ pairs in the LMS for 240, 264, 288 and 312 h of model integration.5

In the dry adiabatic reference (REF) simulations and their high-resolution counterparts (HRES), turbulence and en-

hanced shear are rare, with only a small fraction of grid points exhibiting Ri ≤ 1 (see Figure S1 and S2). The HRES

consistently captures more regions of enhanced S2 and exhibits slightly higher occurrences of turbulence-prone regions

conditions compared to REF, highlighting the role of higher resolution in resolving small-scale dynamics. However, even10

in these case, the LMS remains dynamically stable for most of the simulation span, with brief indications of turbulence

occurring during the synoptic wave-breaking event. This relation is evident for N2-S2′ and across various sensitivity ex-

periments.

Figure S3 and S4 shows the inclusion of latent heating in REFwind simulations markedly increases the occurrence of15

enhanced shear with time and gives much more potential for dynamic instability to occur in the LMS. This is evident from

frequent observation of low Ri with shear values upto ten times higher than those in dry simulations. In this case, the

moist tropospheric dynamics seem to be of importance for the shear and turbulence generation in the LMS, suggesting a

critical role of tropospheric moist processes in increasing the probability of dynamic instability and turbulence in the LMS.

When the turbulence scheme is included, as in REFwind TURB, the probability of dynamic instability decreases compared20

to the moist simulations without turbulence. This reduction is attributed to the production of turbulent kinetic energy (TKE),

which tends to smooth vertical gradients and lower vertical shear. Interestingly, REFwind CMP and REFwind TURB CMP

exhibits a strong correlation between S2 and larger N2 with time, likely due to dynamic shear instability driven by GW-

induced temperature gradients and wind shear. The TURB Moist simulation stands out due to its reduced small-scale

turbulence potential compared to its CMP TURB counterpart. The distributions of N2-S2 and N2-S2′ in TURB Moist25

differ significantly, indicating that turbulence in this case is predominantly associated with larger scales. Enhanced TKE

near the tropopause, with values up to 50 times higher than in other turbulence-included cases, is linked to vertical shear

and the vertical gradient of total moisture, leading to buoyant heat flux with both positive and negative contributions. This

explains the reduced grid volumes associated with low Ri in TURB Moist.
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Figure S1. Temporal evolution of relative occurrence frequency distribution of N2-S2 pairs for simulations with varying grid sensitivity

over northern hemisphere in the lowermost stratosphere. Logarithmic occurrence frequency color scale. Dashed lines indicates the

gradient Richardson numbers.
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Figure S2. Temporal evolution of relative occurrence frequency distribution of N2-S2′ pairs for simulations with varying grid sensitivity

over northern hemisphere in the lowermost stratosphere. Logarithmic occurrence frequency color scale. Dashed lines indicates the

gradient Richardson numbers.
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Figure S3. As in Figure S1 but for the REFwind simulations with varying physical processes
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Figure S4. As in Figure S2 but for the REFwind simulations with varying physical processes
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