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The tropical stratosphere is a key and sensitive atmospheric region, driving large-scale circulation and controlling the distribution of constituents such as
ozone and aerosols. These compounds play crucial role, such as regulating the climate, structuring the atmosphere, or protecting against UV radiation.

It forms a reservoir bounded by subtropical transport barriers - STB (Fig. 1), characterized by sharp meridional gradients of potential vorticity (PV) and _.
chemical species [1]. STBs limit meridional exchanges between the tropics and mid-latitudes. Tropical air masses thus remain partly isolated, with a I S
composition distinct from that of mid-latitude air. Despite their important role, STBs remain insufficiently characterized [2].

This study analyzes the Southern Hemisphere STB over 1940-2024, using daily PV fields from the ERA5 reanalysis across seven isentropic levels (395-850 K).
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STBs are identified as maxima in the meridional gradient of isentropic PV (PVi),
computed in area coordinates [4] (from ERA5) and using isentropic levels (i.e.
potential temperature 0) as vertical coordinates [1].

00

PVi:_g'a_P'(f+€6

4

Potential Temperature gradient in pressure coordinates
Absolute vorticity (= relative vorticity g + Coriolis parameter f)

— pVW

500 | —PVgradient

PV and 0PV/dA - 20-Sep-2014 -

Vortex

* Max gradient

STB

0 10 20

30 40 50
Equivalent latitudes ()\)

The DyBal algorithm [1, 2] detects the maximum PV
gradient from a PVi map at fixed 0, vyielding the
corresponding equivalent latitude (A) and PV threshold.
The intensity is estimated by the prominence of the peak.

Fig. 2. Area coordinates and equivalent latitude (A). Source: [1]
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Fig. 3. Exp. of |PV| and PV gradient curves
as a function of equivalent latitude (6PV/6A)
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Fig. 1. The "leaky pipe" model, from Neu et Plumb, 1999 [3]

Variability & trends

The Trend-Run algorithm [5] is a multiple linear regression (MLR) model that decomposes a time series into a set of
weighted explanatory variables (the forcings), a linear trend, and a residual term.

Forcings are selected a priori. Here, Trend-Run is applied to monthly means of the daily DyBal-derived time series,
over 1953-2021, a period constrained by forcing availability.

Equation used here:

Y(t) = a, + a; 't + i,AO(t) + a,SAO(t) + a;QBO,(t) + a,QBOg(t) + a;DMI(t) + asNino(t) + a,SF(t) + (t)
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Fig. 5. Example of Trend-Run regression applied to the STB
position at 475 K, over 1953-2021 (zoomed on the first
Tab. 1. Equation terms and selected forcings decades). R? = 66%, trend = 0.43° £ 0.38° per decade, 20.

Seven isentropic levels studied: 395, 430, 475, 530, 600, 700 and 850 K (~17.5-31 km in the subtropics)

Results: forcing contributions (seasonal cycle and QBO dominate) = seasonal analysis = QBO-phase analysis = trend analysis. = Focus on the 600 K level (~24 km), considered representative.
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Fig. 6. Relative contribution (%) of each
forcing to the regression of STB position (top)
and intensity (bottom), over 1953-2021 (bold:
significant at 20).
The AO and the QBO contribute most: the AO
dominates the STB position, whereas the QBO
dominates its intensity.

* Along-term (85 years) analysis of STB characteristics and trends.

 The annual cycle and the QBO are the dominant forcings of STB variability.

* Long-term linear trends: an equatorward shift (significant at 430-475 K) and
a slight, non-significant intensification.
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