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Monitoring and Analyses of the Effectiveness of
Cloud Seeding at Shimen Reservoir
—A Case Study of Spring in 2023 and 2024

Shung-Shin, Lan' ~ Shih-Chiao, Tsai? ~ Jou-Ping, Hou?
' The Weather Wing, R.O.C.A.F
2 Department of Environmental Information and Engineering, Chung Cheng Institute of
Technology, National Defense University

Abstract

This study investigates two cloud seeding cases conducted on March 25, 2023, and March
11, 2024, using a combination of trajectory modeling and meteorological analysis. The
HYSPLIT model was employed to simulate the dispersion and concentration of seeding agents,
while ERAS reanalysis data were used to assess changes in cloud liquid water and cloud base
height. The resuLSTs show a temporal correlation between the increase in seeding agent con-
centration and elevated cloud water content, accompanied by a reduction in cloud base height.
Furthermore, sensitivity experiments using the WRF model, incorporating different initial times
and microphysical schemes (MORRISON and WSMS), indicate that simulations initialized 24
hours prior to the seeding event are more likely to produce realistic cloud water distributions at
approximately 1 km alLSTitude. Simulations excluding cloud condensation nuclei (CCN) also
suggest that the increase in ERAS cloud liquid water is likely attributable to the seeding effect.
Rainfall simulations demonstrate better performance when the initial conditions are closer to
the seeding date. Radar observations from dual-polarization systems in Shulin and Hsinchu
further support the findings. In Case 1, enhanced reflectivity and horizontally elongated differ-
ential reflectivity (ZDR) patterns were observed following seeding, indicating cloud droplet
growth and supporting the seeding's effectiveness. Case 2, however, showed no significant ra-
dar response.

In conclusion, Case 1 demonstrated a measurable enhancement in cloud water and precip-
itation as a resuLST of cloud seeding. The study highlights the importance of integrating mete-
orological modeling, reanalysis data, and radar observations to evaluate cloud seeding perfor-
mance. Future work is recommended to incorporate temperature and humidity profile measure-
ments and Al-based decision support systems trained on historical events to improve the preci-
sion and validation of seeding operations.

Keywords: cloud seeding, HYSPLIT, ERAS, WRF, cloud water
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