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1. Introduction

	Modeling in general is one of the fields in Meteorology that has grown in the last years, this  due  to the  increase  in  the  efficiency  of the  computers,  that  leads to the  decrease of the  integration times for numerical  experiments. Not all of the  process in the  atmosphere can  be  solve explicitly from the  equations  of  motion in these numerical models, the  computational  resource is not that efficient yet. This is the reason why parameterization schemes have to been written in order to take in to account the processes that  can  not  be  directly  solved  because of their  spatial and  temporal  scale is  less  than the  grid scale  of  the  model . 
These parameterization schemes try to simulate, as real as possible, physical processes in the planetary boundary  layer, cumulus (sub grid scale rain),  longwave and  shortwave radiation, surface fluxes microphysics, advection,  diffusion, and others. 
For this project we  try  to look  at the  differences  between different cumulus  and  microphysics schemes  for  two cases, in order  to study  this  effect of this  schemes  we  run the Mesoscale Numerical Model  WRF V3 for  two cases, several  times for  different  combinations  between the  cumulus  and the microphysics schemes.

2. Model description
	We ran the WRF version 3.0 with one domain over a tropical region. The spatial resolution of this domain is 0.5°x0.5° degrees from 0°N - 35°N and 95°W - 0°W (See figure 1) leaving to 70 x 188 grid point and  with  28 levels  on the  vertical. The topography resolution used   was of 10 meters (see Figure 1).
	

	
Figure 1: Model Topography
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The initial conditions used to run the model were from NCEP-NCAR Reanalysis project, with initial conditions every hours during the all period of time. 
The WRF v3 was run with a time step of 300s, the time step recommended for a ~50 Km grid. Table 1 shows the default configuration for all the runs made. The cumulus and microphysics options show more than  one  scheme because of the  multiple runs for  each  case with  different cumulus  and microphysics schemes.
	Table 1:  WRF Configuration

	Physic Option
	Scheme

	Longwave radiation
	Rapid Radiative Transfer Model

	Shortwave radiation
	Goddard shortwave

	Surface-Layer
	Monin-Obukhov (Janjic) 

	Land-Surface
	Thermal diffusion 

	Planetary Boundary Layer
	Mellor-Yamada-Janjic TKE 

	Cumulus
	Betts-Miller-Janjic 

	
	Kain-Fritsch (new Eta)

	Microphysics 
	WRF Single-Moment 3-class 

	
	Kessler

	
	Morrison (2 moments)



3. Cases

	WRF was run with different combinations  between  the  cumulus  and  microphysics scheme for  two  different dates: Case #1: 15-25 June 2007, Case #2: 11-21 September 2006. Each one of these cases were initialized  with NCEP-NCAR  Reanalysis  data every  six  hours, and the  outputs of  each  run were also  every  six hours. Table 2 shows the different  combinations between the  cumulus  and microphysics  scheme for each one  of these cases.

	Table 2: List of experiments

	Case #
(Case Date)
	Name of Experiment
	Cumulus Scheme
	Microphysics Scheme

	1
(15-25 Jun 2007)
	BMJ-W
	Betts-Miller-Janjic
	WRF Single-Moment 3-class

	
	BMJ-K
	Betts-Miller-Janjic
	Kessler

	
	BMJ-M
	Betts-Miller-Janjic
	Morrison (2 moments)

	
	KF-W
	Kain-Fritsch
	WRF Single-Moment 3-class

	2
(11-21 Sep 2006)
	BMJ-W
	Betts-Miller-Janjic
	WRF Single-Moment 3-class

	
	BMJ-K
	Betts-Miller-Janjic
	Kessler

	
	KF-W
	Kain-Fritsch
	WRF Single-Moment 3-class




5. Satellite data

	In order to compare the model results with actual observations, in this case we choose satellite data from NASA, Giovanni website; where processed data  from different satellites is  accessible: (http://disc.sci.gsfc.nasa.gov/giovanni/giovanni/overview).
For the effect of  this paper,  we are going to look the  difference  between  precipitation data  from the  Model output and precipitation data  from satellite.

 5. Results and discussion

5.1 Case 1: June 15-25 2007
Figure 2 shows the mean precipitation rate (mm/hr) during the all period of the  case 1 (June 15 -25 2007). The scale in each  one  of the fires  is the  same.  It is important to say  at  this point, that  the  only difference  between the  runs in is the  cumulus  and  microphysics schemes.
As first analysis I   would like  to compare  figures  2b ,c and d; which  correspond to three different  model  runs : BMJ-W, BMJ-K, BMJ-M, they have  the  same  cumulus  parameterization scheme: Betts-Miller-Janjic, and different microphysics schemes: WRF Single-Moment 3-class, Kessler and Morrison, respectively. This means that changes in precipitation in them are attributed to the microphysics scheme change only, because all the other parameterizations are the same.

	Figure 2: Mean Precipitation rate (mm/hr) for Case 1: Jun 15-25 2007

	a) Satellite
	b) BMJ-W
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	c) BMJ-K
	d) BMJ-M
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	e) KF-W
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Any of them captures the ITCZ, clearly active from the satellite data 2a).  The run made with the Morrison scheme is the one that is closest to the satellite data.
There is also an active strong precipitation zone on the east pacific region, with precipitation rates up to 1mm/hr. In the satellite data, this region is not as strong as the model output show it, and an important thing to note is that in the model out put this region is  very confined in area, whereas in the satellite data is more horizontally spread. In general terms, with the satellite data, the precipitation in the model is poor in the  geographic location, but is fairly well in terms of the  order of magnitude.
The other comparison that I would like to address is between figure 2a, d and e; both runs of the model have the same microphysics scheme, but different cumulus scheme; therefore, any difference is attributed to the cumulus scheme. 
Again there is no clear location of the ITCZ, BMJ does a better job than KF showing some spread pcp in the region; while KF does not show any precipitation. 
In the other hand, KF shows a more accurate position and  the   amount of precipitation rate  over  South America, than BMJ. This zone of precipitation can be seen very clear in figure 2a.
	
5.2 Case 2: September 11-21 2007
Figure 3 shows the mean precipitation rate (mm/hr) during the all period for case 2 (September 11 -21 2006). In figure 3a we can see three interesting regions: strong precipitation in middle  Atlantic around 25 N, the  two  branches of the  ITCZ tilted  to the  North,  and  the  strong  precipitation  in  the  East Central Pacific (the west coast of Central America).
The strong precipitation region  in the  Atlantic around 25N is missing  in all of  the there model  runs  for  this case. BMJ-K has spread precipitation near  the  region, although in the satellite data it is very confined.  
Figure 3c shows a very  strong precipitation region in the  west  coast  of Cuba,  region that  is not present  in the  satellite  data or in figure 3b, BMJ-W, therefore we can  say that this  could be  because of the  microphysics  scheme in 3c, Kessler. 
The interesting double structure of the ITCZ is not capture in any of the runs, the closest  structure  is the  one  shows in Figure 3c, where there is a suggestion of  a double  ITCZ, but it is  far from the  satellite data, at  least in location.
The strong region of Precipitation in the Wets  coast  of Central America  is present  in all of the  experiments made with WRF for  this particular case, of course the  location is not exact  but it is very close from what the  satellite  data shows in  3a. For this case, 3c shows again an over estimation in the  precipitation, with precipitation rates up to 1.6 mm/hr. (See Figure 3)






	Figure 2: Mean Precipitation rate (mm/hr) for Case 2: Sep 11-21 2006

	a) Satellite
	b) BMJ-W
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	c) BMJ-K
	d) KF-W
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6. Conclusions
	The objective of this paper was to compare the different effects that a change in the cumulus and microphysics scheme does to the final output of the model.  The period of time in each one of the cases is short so we can not jump in to conclusions about which parameterization made a better job, but I have two conclusions after seen the precipitation results for these cases.
	Kain-Fritsch tends to over estimate the precipitation over land. 
Kessler scheme  also tends to over estimate precipitation, specially in regions of strong precipitation.
I think is   also important to note that these changes were, for both cases, during a 10 day period, I would expect a greater change over longer periods of time (for longer runs).
Is also important to note that although we only change the cumulus and microphysics schemes, more thermodynamically variables, these changes also were reflected on the dynamical variables as wind (not shown) for both cases and in all the runs, the wind magnitude and direction were not the same. 
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