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Abstract In this paper, the research works related to femtosecond laser based artificial atmospheric modulation are
reviewed. The contents start by describing the research progress on photo-oxidation byproducts, energy deposition,

aerosol formation, water condensation,

and precipitation that are all induced by femtosecond filamentation.
Subsequently, the research progresses on laser induced water condensation and precipitation as well as manual
lightning control are reviewed. Finally, a preliminary physical picture of femtosecond laser based atmospheric

modulation is proposed, and the technical challenges and their possible solutions towards the practical applications of

Xu Zhizhan'

artificial rainmaking in the future are discussed.
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Fig. 1 Schematic of femtosecond laser filamentation process™ . (a) Self-focusing effect;

(b) self-defocusing effect; (¢) dynamic balance process inside filament
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Fig. 2 Acid-base property of femtosecond laser induced snow formation measured by using pH test papers

220 (a) Snow

pile (indicated by white dotted circle) induced by femtosecond laser filamentation; (b) acidity-base property of

snow/ice covered on cold plate at different positions measured by using pH test papers; (c) pH standard

colorimetric card
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time; (d) temporal evolution of mass mixing ratios between trace gases and ambient air
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Fig. 7 Temporal evolution of femtosecond filamentation induced secondary ice crystal formation.
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Fig. 8 Increase of optical density and ice crystal density of cirrus cloud irradiated by femtosecond laser pulses. (a) With
(solid lines) and without (dashed lines) femtosecond filament action, gas phase temperature (T) and pressure (P)
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Fig. 12 Femtosecond laser induced water condensation. (a) Side scattering image of scene inside chamber without laser

filament; (b) side scattering image of scene inside chamber with laser filament; (c) 2D image of different size

droplet density versus laser irradation duration; (d) line image of different size droplet density versus laser

irradiation duration; (e) sketch of femtosecond laser interacting with ambient atmosphere; (f) relative increase

rate of Mie backscattering signals™!
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