CONCLUSIONS

Diurnal amplitude of ar ea-mean LWP shown to be significant fraction (up to 35%) of the mean, especially in the r egions of persistent subtr opical low cloud

Early morning peak in L WP consistent with diurnal cycle driven primarily by solar absorption. Amplitude greatest during summer .

Southern hemispher e amplitude greater than that in the north - r eason unknown.

AM-PM SWCF dif ferences ar e more influenced by cloud fraction diurnal changes than those in the LWP of the cloudy r egions

ROLE OF L WP and CLOUD AMOUNT in DIURNAL CYCLE OF SWCF

Normalised diurnal cycle A_{CF} of low cloud amount (CF) fr om ISCCP. Phase very similar to the phase of mean LWP from TMI. Figur e shows normalized amplitude of mean LWP against that of low cloud amount for the seasonal means of the 5 r egions.

Dotted lines show appr oximate ratio of the contribution to the 8am-4pm difference in shortwave cloud for cing (SWCF) fr om cloud amount changes compar ed with cloud LWP changes. Cloud amount changes tend to dominate.

DIURNAL CYCLE CLIMA TOLOGY

An example of the two year mean diurnal cycle of clouds in a r egion of the SE Pacific dominated by low cloud is shown (upper right). Diurnal cycle is quite well r epresented using a sinusoidal fit of the form

where t is the local time, A is the normalized amplitude, T_{max} is the time of maximum liquid water path, LWP is the all local time mean for each 2.5x2.5^o region, and LWP_t is the mean for each local time.

Climatology of the diurnal cycle r eveals str ongest diurnal cycle in the subtr opical r egions of low cloud wher e values ar e in the range 0.15-0.35. Highest amplitudes in the southern hemispher e. Peak LWP during early morning consistent with solar driving.

Left: Example of twoyear mean diurnal cycle from the TMI for a single 2.5x2.5^o region in the SE Pacific dominated by marine boundary layer cloud showing sinusoidal fit to data

Above: Mean LWP, normalized amplitude A (amplitude/mean), and time of maximum LWP between 40S and 40N for the two complete years of TMI data.

LWPt LWP 1 A+ π t Tmax–( ) 12⁄ [ ] cos { } =

MOTIVATIONS Clouds, especially those in the subtr opics, exhibit considerable diurnal modulation that is important for the timemean radiative budget (e.g. Rozendaal et al. 1995; Ber gman and Salby 1997) Both cloud amount and liquid water path (Zuidema and Hartmann 1995; Greenwald and Christopher 1999) have diurnal cycles that appear to be in phase, indicating that as clouds br eak up they also thin. The r elative contributions of each to the radiative budget is not well known The diurnal cycle pr ovides an important test for lar ge scale numerical models. It is also a useful indicator of cloud dynamics and thermodynamics that can be used in aiding our understanding of these fundamental pr ocesses. Climatologies of the diurnal cycle of important cloud variables ar e needed.

THIS STUDY Use TMI (TRMM Micr owave Imager) micr owave r etrievals of cloud liquid water path to develop climatologies of the diurnal cycle in the subtr opics and tr opics. Classify by r egion and by season. Combine with ISCCP observations of the diurnal cycle of low clouds in the subtr opics to ascertain the r elative importance of cloud fraction and cloud internal LWP changes in the diurnal cycle of shortwave cloud for cing (SWCF).

THE DATA Two complete years (1999-2000) of pr e-gridded TMI swath data pr ovided by Remote Sensing Systems. The advantage of the TRMM satellite is the complete coverage of the diurnal cycle pr ovided suitable averaging periods (seasonal and longer) ar e used. Robust r etrievals (W entz 1997) ar e used to estimate cloud LWP over oceans . Possible contamination fr om rainfall in the heavily pr ecipitating r egions of the tr opics. Estimated rms errors of 25 g m^{-2} with a systematic bias of 5 g m^{-2}. Comparisons with MODIS LWP estimations show rms and systematic dif ferences similar to those quoted which is encouraging. See panel to right.

Diurnal cycle of liquid water path o ver the subtr opical and tr opical oceans

Robert W ood, Chris Br etherton, Dennis Hartmann Atmospheric Sciences, University of W ashington, Seattle, W ashington

email:r obwood@atmos.washington.edu

COMP ARISON of TMI with MODIS

Comparisons (right) using coincident and simultaneous (within 1 hr) MODIS LWP (King et al. 1997) estimations wer e carried out. We selected 251 1x1^o coincidentally sampled cases of oceanic low cloud over the NE Pacific. We found little overall bias (TMI mean LWP is 3 g m^{-2} than MODIS in the mean) and with rms dif ferences similar to the TMI err or estimates (17 g m^{-2}).

REFERENCES

Bergman, J. W ., and M. L. Salby , 1997: The role of cloud diurnal variations in the time-mean ener gy budget. J. Clim.10, 1114-1124. Greenwald, T . J., and S. A. Christopher , 1999: Daytime variation of marine stratocumulus microphysical pr operties as observed fr om geostationary satellite. Geophys. Res. Lett., 26, 1723- 1726. King, M. D., S-C. Tsay, S. E. Platnick, M. W ang, K- N. Liou, 1997: Cloud r etriveal algorithms for MODIS. Optical thickness, ef fective particle radius, and thermodynamic phase. MODIS Algorithm Theoretical Basis document No. ATBD-MOD- 05, NASA. Rossow, W. B., and R. A. Schif fer, 1991: ISCCP Cloud Data Pr oducts. Bull. Am. Meteorol. Soc., 72, 2-20. Rozendaal, M. A., C. B. Leovy , S. A. Klein, 1995: An observational study of the diurnal cycle of marine stratiform cloud. J. Clim., 8, 1795-1809. Wentz, F. J., 1997: A well calibrated ocean algorithm for special sensor micr owave/imager . J. Geophys. Res, 102, 8703-8718. Zuidema, P ., and D. L. Hartmann, 1995: Satellite determination of stratus cloud micr ophysical properties. J. Clim., 8, 1638-1656.

SEASONAL VARIATION OF DIURNAL CYCLE

The diurnal cycle exhibits str ong seasonal variation ( figure at right) in subtr opical low cloud r egions (see table above). The cycle is strongest in summer . The variations ar e consistent with the seasonal variations in the T OA shortwave incoming radiation but ar e stronger in the southern hemispher e even though the values of the mean LWP (lower right) are not gr eatly different. This is consistent with Rozendaal et al. (1995) who showed lar ger diurnal cycles of cloud amount in the southern hemispher e.

MEASUREMENT of the DIURNAL CYCLE of MARINE BOUNDAR Y LAYER CLOUD

TMI-measur ed LWP = LWP of cloudy fraction * Cloud fraction within footprint (i.e. ar eal mean liquid water path)

LWP=LWP_{CLD}*CF

How lar ge is A_{LWP(CLD)} compar ed with A_{CF} ?

A_{LWP CLD( )} A A_{CF}–= (for A, A_{CF} small and in phase)

NIGHT DAY

Larger LWP_{CLD}? Smaller LWP_{CLD}?

Larger cloud fraction Smaller cloud fraction

ACKNOWLEDGEMENTS

The TMI data are produced by Remote Sensing Systems and sponsored, in part, by NASA’s Earth Science Information Partnerships (ESIP): a federation of information sites for Earth Science; and by the NOAA/NASA Pathfinder Pr ogram for early EOS products; principal investigator: Frank Wentz. MODIS data ar e provided by NASA EOSDIS data archive. Funding for this work was provided by the NASA EOS grant NAGS5-10624 (Climate Pr ocesses over the Oceans)