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[Abstract} The Tropical Tropopause Layer (TTL) controls troposphere-stratosphere exchange, but its long-term structure is poorly constrained by in situ data. Using ~20
years (2006—-2025) of radiosonde and ozonesonde observations over Gadanki (13.5°N, 79.2°E), multiple complementary diagnostics are applied to identify thermal,
radiative, chemical, humidity and stability-based tropopause definitions into one framework. The TTL appears as a vertically ordered transition zone, not a single level.
Seasonal variability far exceeds diurnal variability. Monsoon convection modulates the lower and middle TTL, while the upper boundary stays stable. Long-term changes

include upward shifts of the lower boundaries, lower-stratospheric cooling and ozone decline, and a tightening moisture gradient. Deep convection weakens the gradients
and reduces agreement among tropopause definitions.
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motivation for the present study.
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thickness, and long-term trends under strong monsoon influence are studied using a 20-year collocated

radiosonde—ozonesonde dataset over Gadanki.
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e Conclusions J

Convective, radiative, humidity, thermal, and chemical diagnostics form a coherent vertical hierarchy, confirming the TTL as an extended transition zone rather than a single level

with higher Os, which supports tropopause as a transition stratosphere |
zone, not a single level
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Diurnal variations in TTL boundaries, thickness and temperature are modest compared to the strong seasonal modulation
Os—stability, Os—temperature, and Os—humidity relations jointly show a gradual troposphere to stratosphere transition with increasing stability, lapse-rate inversion, and sharp drying with rising Os
Long-term trends reveal cooling at the CPT and ozone-based transition levels, increasing middle-layer thickness, and a tightening moisture gradient across the TTL

CPT cooling (~-0.5 K decade™) suggests a strengthening tropical cold trap and more efficient dehydration, with implications for stratospheric water vapor entry.
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Deep convection significantly lowers tropopause altitude and modifies UTLS thermal, chemical, and moisture structure over Gadanki

v Convection, radiative balance, and dehydration jointly regulate TTL depth and stratosphere to troposphere exchange, offering new constraints for climate models
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