HORIZONT AL STRUCTURE

Regions of drizzle in subcloud r egion ar e generallycooler and mor e moist (left) than surrounding r egions. Possible driver for mesoscale circulations.

50% of drizzle patches ar e smaller than 2-3 km. Few patches lar ger than 20 km (centre left) Power spectr um of pr ecip rate (centre right) shows fractal scaling with an exponent close to unity . More power at small scales than LWP (Cahalan and Snider 1989)

Variability in pr ecipitation rate tied to variability in cloud liquid water path LWP in most cases (right) indicating that within each cloud, drizzle is str ongly modulated by cloud LWP. Precipitation variability (standar d deviation/ mean) is considerably higher than that in LWP suggesting non-linear r elationship.

VERTICAL STRUCTURE

Use normalised variables:

N_* : All-cloud mean cloud dr oplet concentration q_{ad}(z) : Adiabatic liquid water content at a level N_{d,D} : All-cloud mean drizzle dr op (r>20 μm) concentration q_{L,D} : All-cloud mean drizzle liquid water content P : All-cloud mean pr ecipitation rate Normalised height in cloud z_* = (z-z_{CB})/(z_i-z_{CB})

TEMPERAURE/HUMIDITY (below): Most cases show slightly moist-stable temperatur e profiles in cloud. Total water content ( q_T) well mixed. Fr ontally influenced cases ar e much less well mixed.

CLOUD PROPER TIES (right, above): Well-mixed cases show r elatively constant dr oplet concentration with height. Liquid water content is generally subadiabatic. DRIZZLE PROPER TIES (right, below): Well-mixed cases show that drizzle dr op concentration incr eases with height, volume radius of drizzle dr ops increases downwar ds, and that drizzle liquid water content and pr ecipitation rate ar e relatively constant throughout the lower 2/3 of the cloud.

Drizzle in stratocumulus: obser vations and model r esults

Robert W ood, The Met Of fice, Meteor ological Resear ch Flight, Farnbor ough, UK

email:r obwood@atmos.washington.edu

MOTIVATIONS Drizzle is a potentially important modulator of boundary layer cloud liquid water path (Liou and Ou 1989) Detailed observations focusing upon drizzle pr oduction and the str uctur e of drizzle within stratocumulus ar e in quite short supply (Nicholls and Leighton 1986; Austin et al. 1995) Parameterizations of the drizzle pr ocess have not been extensively tested against observations.

OBSERVATIONS 12 flights using The Met Of fice C-130 air craft. 11 daytime flights ar ound the UK. One (A209) fr om ASTEX campaign. Sawtooth r uns allowed multiple sampling of cloud vertical structur e. Considerable variation of liquid water path LWP, droplet concentration N_d and pr ecipitation rate between cases. T ables 1 and 2 (below) give details of the flights. Cases A644 and A648 were frontally-influenced stratus and dif fer considerably in character fr om the other ten cases which wer e relatively well mixed stratus/stratocumulus.

CLOUD PROPER TIES

DRIZZLE PROPER TIES

*

ACKNOWLEDGEMENTS

I am grateful to the staff and aircrew at the Meteorological Research Flight whose efforts were invaluable in obtaining the dataset presented. I would also like to thank my scientific colleagues for helpful discussions.

MICROPHYSICS

SIZE DISTRIBUTIONS: In-cloud drizzle dr op (r >20 μm) size distributions collapse onto a single exponential distribution when normalised with mean radius and concentration:

AUTOCONVERSION RA TES used in lar gescale models vary considerably ( see comparison below) in both sensitivity to LWC and dr oplet concentration.

OBSERVED size distributions used to calculate autoconversion using full SCE. Comparison with parameterizations (below) reveals: (1) Some schemes (e.g. Khair outdinov and Kogan 2000) perform well. Others (e.g T ripoli and Cotton 1980 pr oduce autoconversion rates that ar e 1-2 orders of magnitude too lar ge).

(2) Further analysis (right, above) reveals that using dr oplet concentration and LWC alone is not suf ficient to accurately parameterize autoconversion. Much better agr eement is obtained if the concentration of dr ops just smaller than the thr eshold radius and the liquid water content is known. Her e, autoconversion is a near linear function of the pr oduct of (a) the cloud liquid water content and (b) the concentration of r=20 μm dr ops.

PROFILES OF AUT OCONVERSION and ACCRETION normalised with their cloudmean values (below) are composited fr om all flights. Initial drizzle dr oplet formation is a significant sour ce of new drizzle liquid water content only at the top of clouds. Accr etion dominates the transfer of mass fr om cloud to drizzle water thr oughout the majority of the cloud layer , being r esponsible for over 80% of the mass transfer in the lowest 80% of the cloud. Autoconversion rates incr ease appr oximately as the thir d power of the height (shown by dotted line in upper left panel).

Z-R RELATIONSHIPS

Estimated in this study using insitu drizzle size distributions. For stratocumulus clouds Z = aR^{1.1-1.2}, with constant term a being a function of the distance below cloud base. The exponent if 1.1-1.2 is much lower than typical values in rain (1.4-1.6). This could be because in r elatively shallow stratocumulus the variability in drizzle rate is contr olled mor e by variability in drizzle dr op concentration than by variability in drizzle dr op size.

Marshall Palmer

This study (in cloud)

EPIC (cloud base)

EPIC (filter, surface)

Precipitation rate [mm day^{-1}]

REFERENCES

Austin, P ., Y. Wang, R. Pincus, and V . Kujala, 1995: Precipitation in stratocumulus clouds: observations and modelling r esults}. J. Atmos. Sci., 1995, 52, 2329-2352. Cahalan, R. F . and J. B. Snider 1989: Marine statocumulus str uctur e, Remote Sens. Environ. 28, 95-107. Khairoutdinov , M. F., and Y. L. Kogan, 2000: A new cloud physics parameterization in a lar geeddy simulation model of marine stratocumulus. Mon. Wea. Rev., 128, 229-243. Liou, K. N. and S. C. Ou, 1989: The r ole of cloud microphysical pr ocesses in climate: An assessment fr om a one-dimensional perspective. J. Geophys. Res., 1989, 94, 8599-8607. Nicholls, S., and Leighton, 1986: An observational study of the str uctur e of stratiform cloud sheets: Part I. Str uctur e. Quart J. Roy . Meteor ol. Soc., 112, 431-460. Tripoli, G. J., Cotton, W . R., 1980: A numerical investigation of several factors contributing to the observed variable intensity of deep convection over south Florida. J. App. Meteor., 19, 1037-1063.

CONCLUSIONS

Some characteristics of drizzle common to “well mixed” drizzling Sc. LWC and dr oplet concentration can be used to parameterize autoconversion rates but the concentration of lar ge cloud dr ops is also important - these can be af fected by giant CCN, dynamical and radiative pr ocesses that ar e independent of the dr oplet concentration. Significant mesoscale variability exists in pr ecipitation rate. This is likely to be driven by variability in liquid water path. Large scale models of drizzle generally have poor horizontal and vertical r esolution. This can r esult in significant underpr ediction of mean drizzle rates and may help to explain why parameterized autoconversion rates ar e often too high (as compensation). Z-R relationships in drizzling Sc may be fundamentally distinct fr om those in convective and fr ontal pr ecipitation. This has consequences for radar r etrievals fr om space.

DRIZZLE in LARGE SCALE MODELS

Large scale numerical models typically r epresent stratocumulus clouds with only a few (1-3) model layers. Single column model framework used to investigate ef fects of vertical resolution upon cloud base pr ecipitation rate. Autoconversion, accr etion and fallspeed r elations fr om Khair outdinov and Kogan (2000). W e use a lar ge number of layers (1000) and then pr ogressively degrade the resolution. Precipitation rate falls by an or der of magnitude (below, left) from the well-r esolved case to cases wher e the cloud is modeled using only a few layers (N_{LAYERS} is the number of layers). Most of this underpr ediction results fr om poor r esolution of the accr etion pr ocess (squar es show case wher e only autoconversion is operating). This may partly explain why parameterized autoconversion rates in GCMs ar e generally much too high (see panel to left). Horizontal heter ogeneity also r esults in higher mean drizzle rates because the pr ecipitation rate-liquid water path r elationship is highly non-linear (below, right).

Greater horizontal LWP variability increases the mean cloud base precipitation rate for a given mean liquid water path and droplet concentration