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1.  Introduction

The overall goal of this project was to understand the differences between various microphysical parameterizations of the Weather Research and Forecasting (WRF) model and how accurate they are with various satellite-based measurements.  This summary focuses on the Saharan Air Layer (SAL) as depicted in the WRF runs and Atmospheric Infrared Sounder (AIRS) measurements.


Two cumulus parameterizations were considered: the Betts-Miller-Janjic (BMJ) scheme and the Kain-Frisch (KF) scheme.  The microphysics packages used were the Kessler (K) scheme, which does not include ice, and the WSM 3-class (W) scheme, which allows ice but no supercooled water.  Marcela ran the WRF model using the following cumulus parameterization and microphysics combinations: cuBMJ-mpK, cuBMJ-mpW, and cuKF-mpW.  The model runs were performed for 12-20 September 2006, during which a SAL outbreak in the Atlantic interacted with hurricane Helene.  There were 18 vertical levels in the troposphere, and the output interval was 6 hours.

Simultaneous AIRS data was retrieved from the “Giovanni” website (http://disc.sci.gsfc.nasa.gov/giovanni/).  This website allows users to easily select datasets and automatically create plots without having to download the data.

2.  Results

The first variable considered was moisture (H2O mean mixing ratio, or MMR).  In the low-levels (between the surface and ~850 hPa), there is typically abundant moisture in the tropics (mixing ratios greater than 10-12 g/kg).  This is even true in SAL regions, because the SAL becomes elevated as it propagates into the Atlantic.  On 16 September all three model runs confirm the presence of moisture in the low-levels that is seen in the satellite data.    The model also shows drier air near the surface along the North African coast where the SAL outbreak initiates.  Areas of locally higher mixing ratio (likely near convection) are also seen in the model.  What the model is lacking, however, is any low-level signal of an organized tropical cyclone.  There is no significant increase in low-level mixing ratio near the tropical cyclone center (~20N 45W).
Also on 16 September, a large SAL outbreak extended from the northern coast of Africa to about 50W.  This dry airmass was then seen to be curving to the south and wrapping into hurricane Helene.  Additionally, the SAL airmass was also seen extending into much of the eastern Caribbean Sea.  All three model runs show the dry air originating over Africa and extending westward into the Atlantic, but no run is particularly accurate in the area around Helene.  Two of the model runs (cuBMJ-mpW and cuKF-mpW) even have difficulty depicting the core of Helene.  The cuBMJ-mpK combination depicts the location of Helene, but fails to show the dry air wrapping into the circulation.

Because SAL outbreaks create widespread subsidence, mid-level temperatures are typically warmer than surrounding locations.  This case is no different, as AIRS shows 700 hPa temperatures roughly 3-4K warmer than the environment just outside the SAL region.  The cuBMJ-mpK and cuBMJ-mpW WRF runs also show this high temperature perturbation, while the cuKF-mpW run shows a high temperature perturbation across much of the tropical Atlantic.

SAL regimes can also have a vertically shallow mid-level easterly jet typically centered near 700 hPa.  This is important when a tropical cyclone encounters a SAL outbreak, because this wind maximum acts to increase the vertical shear, which inhibits tropical cyclone intensification.  Wind products were not available on the Giovanni website, but there is wind data from the model runs.  All three model runs show a significant increase in wind speed near the coast of Africa where the SAL outbreak originates.  The mid-level easterly jet is usually not seen very well with satellites, because it is very shallow.  This highlights the importance of high vertical resolution dropsonde and radiosonde data, though both have poor spatial coverage in the Atlantic and western Africa.
3.  Conclusions

Overall, the three combinations of cumulus parameterization and microphysics packages in the WRF do not capture the SAL very accurately.  The model seems to do a fair job near the African coast where the SAL originates, but in the middle of the Atlantic basin there are large differences from what the satellite data depicts.  This may be a result of insufficient initial conditions.  Observations over the central Atlantic are extremely sparse, and a model likely would have its greatest errors in this region.

