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1. Data outputs 

Our data outputs are come from WRF by using NCEP 6 hourly reanalysis data over 95°W-0° 0°-35°N in two time periods. The first case starts from June 15 2007 to June 24 2007, and the other case starts from June 11 2006 to June 21 2006. Two cumulus parameterization that have been used in both cases are Betts-Miller-Janjic (BMJ) scheme and Kain-Frisch (kF) scheme, when the three microphysic schemes are Morrison (M), WRF Single Moment 3-class (WSM) scheme and Kessler (K) scheme are used in our runs.

For the first case, there are 4 runs in which all three microphysic schemes have been combined to BMJ for setting. But in the second case, only 2 microphysic schemes have been used. In order to examine the sensitivity of microphysic scheme in WRF, the first case is chosen.

In the first time period from June 15 to June 24, the time series size is 40, starts from 0:00 June 15 to 18:00 with 6 hours interval (corresponds to NCEP reanalysis). To achieve the daily average, a 24 hourly time average was taken. Since this daily average includes data of 0:00, 6:00, 12:00, 18:00 and 24:00 (0:00 of the next day), only June 15, 17, 19, 21 and 23 (5 of the10 days) were calculated to avoid double analyzing of hour 0:00. 

I chose cloud water mixing ratio (“qcloud” in model outputs) and cloud fraction to see the sensitivity of three microphysic schemes, since the variation of these two parameters are more related to change of microphysic conditions. In model outputs, the unit of cloud water mixing ratio is kg/kg, which makes the value very small, one can barely see the numerical change. So I multiplied qcloud by 1000 to change the unit into g/kg. The magnitude of cloud fraction is from 0 to 1. Values less than 0.001 in both cloud water mixing ratio and cloud fraction figures are filtered out, in order to see the main pattern.

As we know, the reasons of change in cloud water mixing ratio and cloud fraction are quite different at different levels. Therefore I plotted figures at 800mb, 500mb and 200mb for both variables of each chosen day to represent low-level mid-level and high-level troposphere respectively. 

2. Some results

June 19 is chosen as a typical day of this period, in order to see the general differences among three microphysic schemes. The patterns at 800mb are pretty similar in all three schemes, which basically show series of very small shallow cumulus along ITCZ. At 500mb, only Kessler shows clouds over Atlantic, but clouds are mainly located over land in the other two. Significant difference is found at 200mb, where Kessler predict cloud water mixing ratio high to 0.20 over western Atlantic corresponds to very high cloud fraction in the same region, while WSM predicts cloud water mixing ratio up to 0.03 corresponds to cloud fraction from 0.1 to 0.6. It should be mentioned that, I don’t see Morrison predicts any cloud water mixing ratio at 200mb, however, it shows cloud fraction up 0.5 over large area at 200mb.

Since it is apparent that, cloud fraction at 200mb contributes a lot to the cloud fraction through whole layer of troposphere, it is reasonable to further examine the difference at 200mb among three schemes. By studying the cloud fraction at 200mb from three schemes in June 15, June 19 and June 23 at 3 levels respectively, we can see the difference of evolution over this period. It is found out that, three schemes show very identical pattern on the first day (June 15), except WSM predicts smaller value than the other two. However, as time goes by, Kessler changes dramatically. Morrison predicts a developing over middle of Atlantic, and decaying over west coast of Africa. Cloud fraction generally decreases over time predicted by WSM. 

Comparing with the MODIS daily satellite data, it is shown that, WSM captured most of the high clouds seen in observation. When Morrison over predicts the high cloud fraction over middle Atlantic. Kessler does not match with observation at all except the initial day of this period.

By comparing the cloud fraction and cloud top temperature from MODIS, it is seen that, there are some cloud with relatively high cloud temperature, which can be considered exist at lower level related to the high clouds that we discussed. However, there is no cloud predicted by any of the three schemes over the regions that such “warm clouds” are supposed to exist.   

3. Summary

1.  Three microphysic schemes show similar patterns of both cloud water mixing ratio on the initial day, but change dramatically with time;

2. The three schemes predict identically small cloud fraction at low-level (500mb), relatively high but different cloud fraction at high-level (200mb); 

3.  Morrison and WSM captured most features of high-level cloud fraction compare to satellite observation, however, the “warm clouds” from observation are not seen in any prediction of the three scheme. 

