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Anticipated Impact on Research and Education

This collaborative project has significantly advanced monsoon science and
predictive hazard modeling for the Northeast Indian subcontinent. By integrating
intensive international field campaigns with advanced numerical modeling, the
project has provided essential training for the next generation of researchers,
including graduate students and early-career scientists. These activities have not
only enhanced international cooperation in hydroclimatological research but also
fostered a robust scientific foundation for regional disaster resilience and climate

adaptation.

Research Report

(1) Purpose
This research advances a fundamental paradigm shift in Asian meteorology by
redefining the "premonsoon” of Northeastern India as the early establishment of the
Asian monsoon rather than a transitional phase. This reclassification is scientifically
justified by the region’s intense land-atmosphere coupling, where active
evapotranspiration serves as an intrinsic moisture source that drives internal moisture
recycling and fuels convective development. The strategic importance of this study is
framed by Japanese Prime Minister Kishida’s 2023 statement, which identified
Northeastern India as a priority for India-Japan collaborative efforts. By integrating
observational data via initiatives like AsiaPEX, the project addresses the high degree
of uncertainty in climate projections for this hotspot, aiming to significantly improve
the predictability and mitigation of lethal hazards such as lightning and flash floods
through enhanced early warning capabilities.

(2) Summary of Research Progress
3.1 Tier 1: Hazard Analysis and Database Development
The project established a technical foundation for multi-decadal hazard assessment
by developing a comprehensive 25-year (2001-2025) storm-event database. To



overcome the scarcity of long-term instrumental records in the Eastern Himalayan
foothills, the team utilized a methodology involving the manual extraction of reports
from regional newspapers, such as The Assam Tribune, The Sentinel, and Nagaland
Page, validated against ERA5 reanalysis data. This rigorous process identified 408
confirmed severe events, revealing that April is the peak month for thunderstorm
activity and that lightning remains the region's deadliest hazard. Furthermore, the
analysis documented a post-2000 escalation in humid heatwaves across the
Northeast India—Bangladesh corridor and identified 39 distinct cloudburst events
(=100 mm h-1) through the SOHMON rainfall monitoring network.

3.2 Tier 2: Meteorological Innovation and Intensive Observations

Progress in observational science focused on the characterization of Mesoscale
Convective Systems (MCSs), identifying over 300 annual events with a notable
increase in intensity during the May-June transition to the mature monsoon.
Intensive four-times daily rawin-sonde observations were conducted at Guwahati
during the 2024 and 2025 premonsoon seasons to capture high-resolution
thermodynamic profiles. A primary scientific highlight from these observations was
the identification of a thick, highly heated humid airmass in the lower troposphere
with an equivalent potential temperature exceeding 370 K. Additionally, disdrometers
deployed on the Meghalaya plateau provided critical ground-truth data for the
validation of satellite-based precipitation estimates, particularly for the Global
Precipitation Measurement (GPM) Dual-frequency Precipitation Radar.

3.3 Tier 3: Advanced Predictive Modeling and HPC Implementation

The computational component of the project involved the deployment of the Weather
Research and Forecasting (WRF) model on Google High-Performance Computing
(HPC) for big data processing and multi-scale simulations. This technical
infrastructure enabled the integration of satellite data assimilation and sensitivity
experiments for microphysics and electrification schemes. To refine the modeling of
the premonsoon-to-monsoon transition, the team incorporated high-temporal
resolution GNSS precipitable water data obtained from a newly utilized station in
Itanagar, Arunachal Pradesh.

International workshops and collaborative synergy in our research project are
summarized as follows:

e Workshop on Coordinated Observations and Modelling Strategies for
Premonsoon Severe Storms (March 5, 2025): This event established a
collaborative research roadmap and identified critical gaps in thunderstorm
dynamics and radar observations between experts from India, Japan, and
Bangladesh.

¢ Workshop on Disasters due to Premonsoon Severe Local Storms over the
Northeastern Indian Subcontinent: This series of five technical sessions



facilitated a multi-national exchange on long-term climate variability, cloudburst
risks, and disaster prevention strategies for the region.

¢ Extreme Events in a Changing Climate: Bridging Prediction, Risk, and
Resilience in the Eastern Himalayas (February 14-15, 2026): This workshop
enhanced regional cooperation across five nations by focusing on science-based
policy development and the integration of Al-based forecasting for Himalayan
weather extremes.

(3) Summary of Research Findings
Rising Hazard Trends: Empirical analysis confirms a significant 20-year increase in
the frequency and severity of premonsoon heavy rainfall and lightning events.
MCS Intensity: Premonsoon MCSs exhibit higher intensity and an earlier diurnal
development cycle compared to systems observed during the mature monsoon phase.
The TTL Discovery: Intensive rawin-sonde observations revealed unique atmospheric
structures in the Tropical Tropopause Layer (TTL)—specifically a nearly isentropic layer
with weak wind speeds representing convective detrainments—which were successfully
reproduced and validated both in sonde and WRF model outputs.
Topographic Modeling Constraints: Accurate simulation of convective storms in the
Eastern Himalayas requires localized, high-resolution microphysics and electrification
schemes to account for the complex mountainous topography.
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