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The observed widths of droplet spectra in adiabatic volumes of natural clouds have been a cloud physics conundrum from the early days of in-situ cloud observations. Observed spectral widths are often in the range of 1 to 2 µm, whereas adiabatic parcel calculations suggest widths up to only a few tenths of 1 µm. Part of the problem comes from artificial spectral broadening by at least some airborne measuring devices, but recent observations (e.g., from HOLODEC) show spectra wider than predicted by adiabatic parcel ascent. Turbulence has long been considered a possible mechanism for spectral broadening, with the mechanism referred to as stochastic condensation or eddy hopping. The key idea is that, in a turbulent environment, droplets follow different trajectories and this leads to different droplet activation and growth histories. To study droplet spectra observed at a given location within an adiabatic volume of a natural cloud one needs to consider droplet trajectories arriving at that location. We use results from simulations applying a 3D dynamic cloud model, a 1D updraft model (for cumulus), and 2D overturning eddy model (for stratocumulus) to study droplet formation and growth in adiabatic volumes of natural clouds. All these models feature Lagrangian particle–based microphysics (the superdroplet method; Shima et al. QJ 2009) that by design allow following individual droplet trajectories. 1D and 2D models either exclude or include the effects of turbulence. The overall conclusion is that turbulence can explain larger adiabatic spectral widths in simulated clouds. The turbulence impact is moderate for polluted clouds, but spectral widths in pristine conditions are up to several times larger than those without turbulence. The difference comes from a larger magnitude of supersaturation fluctuations for the same vertical velocity fluctuations because of larger phase relaxation times in pristine conditions. These results suggest the following question: Is the concept of an “adiabatic parcel” still useful when turbulence is present? The answer is “maybe” from the thermodynamics point of view, but clearly “no” when cloud microphysics is the focus.
