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1.  INTRODUCTION 
 

Since Mesoscale Convective Systems 
(MCSs) represent the major source of warm-
season rainfall for the central and northern 
Plains (Fritsch et al. 1986), it is important to 
have high quality rainfall forecasts of such 
systems.  Additionally, different types of MCS 
morphologies (linear systems including leading 
and trailing stratiform) produce various forms of 
hazardous weather (Doswell 1996), thus 
forecasting the correct morphology is also 
important.  Gallus et al. (2008) showed that 
trailing stratiform (TS) systems were most often 
associated with wind damage, while leading 
stratiform (LS) systems were most often 
associated with hail and tornadoes. Parker and 
Johnson (2000) showed that the placement of 
the stratiform rain in linear MCSs is determined 
by how hydrometeors are advected away from 
the main updraft region by the mean mid-upper 
level wind flow relative to the storm.  The TS 
systems were associated with front-to-rear 
storm-relative winds, while LS systems with 
weak middle and upper-tropospheric  rear-to-
front storm relative winds.   

Many studies have performed sensitivity 
tests evaluating the impact of varying uncertain 
parameters in microphysical schemes on 
precipitation by varying the slope intercept, 
particle density (Gilmore et al. 2004b) as well as 
constants in fall speed equations (Colle and 
Mass 2000) and the definition of particle size 
(Potter 1991). Some studies have pointed out 
the importance of ice (Potter 1991) as well as 

e and precipitation fallout (Gallus and Johnson 

1995) in the development of the stratiform region 
of convective systems.   

The LS systems, although initially 
forming in a favorable wind shear environment, 
are believed to be sustained by microphysical 
processes (Parker, 2004b).  Melting and 
evaporation of precipitation in the stratiform 
region of LS systems destabilizes the 
atmosphere, while pressure patterns induced by 
these processes lead to ascent on inflowing air 
parcels in and ahead of the leading precipitation.   

Lynn and Khain (2007) performed 3-D 
runs of a squall line associated with a sea-

breeze event and showed a reduction in surface 
rain rates and a more well defined stratiform 
cloud structure that were both closer to 
observations in their spectral (bin) microphysical 
scheme as compared to bulk microphysical 
schemes.  They believe the bulk scheme 
approach for computing fall speeds forces 
smaller particles to fall out together with the 
larger particles instead of being advected into 
and contributing to the stratiform region of the 
squall line. 

The authors of this study make an 
attempt to determine if the bulk microphysical 
scheme assumptions for terminal fall speed 
produces incorrectly intense precipitation in a 
more confined area over a short period of time 
and does not replicate properly the structure of 
stratiform clouds, inaccuracies that possibly be 
avoided by using bin schemes.  Additional tests 
will determine if LS and TS systems both have 
different sensitivities to the modifications of the 
fall speeds because of the differences in 
kinematic profiles as well as the microphysical 
processes between the two types of systems.  

The experiments in this paper will 
include the use of a bin scheme, and a bulk 
scheme with various modifications to the fall 
speeds of all particles in both the bin and bulk 
schemes.  A description of the experiments 
follow. 
 
2.  DATA AND METHODOLOGY      
 

Two dimensional (2-D) idealized 
Weather Research and Forecast (WRF) 
Advanced Research WRF (ARW) model 
(Skamarock et al. 2005) runs were performed 
using a bin microphysical scheme that, as a 
result of computational requirements, can not be 
run in three dimensions (3-D).  The version that 
will be used in this study is described in Geresdi 
(1998) and Rasmussen et al. (2002) (hereafter 
denoted as the Geresdi scheme) and was 
obtained through Greg Thompson.  
 The idealized runs in this study simulate 
a squall line in the x direction (east-west) and 
will be initialized with wind data from Parker and 
Johnson (2000) that represents a composite of 
TS and LS systems.  The sounding used to 
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initialize the 2-D runs is shown in Fig. 1 with a 
wind profile representative of a TS system, and 
temperature and moisture data from a modified 
version of the Weisman et al. (1988) sounding.  
The modification included an increase in 
moisture throughout the depth of the 
atmosphere to increase the extent of the 
stratiform region produced by the system.   

 
Figure. 1:    Skew T-logp diagram of sounding 
used in 2-D simulations with TS wind profile. 
 
Convection is initiated with a warm thermal 
perturbation, and the simulations were 
integrated out to seven hours using a horizontal 
grid spacing of 1 km, 31 vertical levels and 600 
points in the x-direction.  The idealized runs use 
a simplified orography, do not consider radiation, 
surface fluxes or frictional effects.  The boundary 
conditions are open in the x-direction and 
periodic in the y-direction.   

WRF 3-D real runs were performed   
using a 1 km domain nested within a 4 km and 
12 km domain with the simulated cases located 
in the Midwest.  The model physical 
configuration for the 3-D runs is that described in 
Aligo et al. (2007) with the exception of the 
planetary boundary layer (PBL) scheme and the 
land surface model (LSM), which in the present 
study are, respectively, the Mellor-Yamada-
Janjic (MYJ; Janjic 2002) scheme and the Noah 
LSM (Ek et al. 2003).  In addition to the above 

configuration, the 12 km outer domain used the 
Betts-Miller-Janjic convective scheme (Betts 
1986; Betts and Miller 1986; Janjic 1994), which 
currently is used operationally at NCEP.   

The NARR, which is used in the present 
study for the 3-D runs only, contains data on 29 
pressure levels, has a vertical grid spacing of 25 
hPa below 700 hPa and above 300 hPa and a 
vertical grid spacing of 50 hPa between these 
two levels.   

The 3-D real evaluations focused on the 
30-31 May 2003 (Fig. 2) and 09-10 June 2003 
cases (Fig. 3) using the NARR for the IC and 
LBC.  The case in Fig.2 represents a TS system, 
while the case in Fig. 3 represents an LS system 
from the Bow Echo and Mesoscale Convective 
Vortex Experiment (BAMEX; Davis et al. 2004).    
 

 
 

 

 
 

 
Figure 3:  Same as Fig. 2 but for the 09-10 June 
2003 case. 
 
 
3.  PLAN DESCRIPTION 
 

 WRF 2-D idealized simulations of TS 
and LS systems were performed using the 
Geresdi bin scheme, the Thompson bulk 
scheme (Thompson et al.  2006),  a version of 

Figure 2:  Locations of the 12 km, 4 km and 1 
km simulation domains for the 30-31 May 
2003 case. 

 



the Geresdi scheme using fall speed relations 
typically found in a bulk scheme (hereafter 
termed Geresdi_I), and a version of the 
Thompson scheme using fall speed values from 
the bin scheme (hereafter termed Thompson_I).  

The Geresidi_I scheme is identical to 
the Geresdi scheme with the exception of how 
the values of the ice,snow,liquid and graupel fall 
speeds are treated for each of the 36 mass-
doubling bins.  Instead of diameter-dependent 
fall speeds for each bin as is the case in the 
Geresdi scheme and in all bin schemes, the 
Geresdi_I run has one fall speed assigned to 
each bin based on the mass-weighted terminal 
fall speed that is computed in bulk schemes 
,including the Thompson scheme, and is given 
by:  
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In the Thompson scheme, all falling particles 
follow the power law relation from Ferrier (1994): 
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where 0  is ~ 1.18 kg m
-3

and is the air density 

at 1013 hPa,  is the air density at a particular 

altitude, D is the diameter of the particle and 

 , and f are constants with values of 40, 1 

and 125, respectively, for snow.  For ice, 

 , and f are given the values 2247, 1 and 0, 

respectively.  For rain and graupel,  , and 

f are 4854, 1 and 195 and 130, 0.7 and 0, 

respectively.  See Thompson et al. (2006) for a 
definition of m(D) and N(D).   

In the Thompson_I run, the ice, snow, 
rain and graupel fall speeds from the Thompson 
run were replaced by those from the Geresdi 
scheme run at every time step using a sorting 
and probability matching technique (Ebert 2001). 

In the Gersedi scheme, the fall speed 
for hexagonal plate ice crystals is: 
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and for rimed crystals, 
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,where iD is the diameter of the particle for bin 

i, a is the density of air and k is the number of 

bins.  For liquid particles, the velocities are 
based on the Best and Bon number approach as 
described in Pruppacher and Klett (1997).  
Graupel particle velocities are specified in 
Rasmussen and Heymsfield (1987). 

The computational expenses associated 
with a bin scheme prevent one from running the 
Geresdi scheme in 3-D.   However, to extend 
the work into 3-D, the Thompson_I experiment 
will be run in 3-D for the two real cases 
described above.   
 
4.  PRELIMINARY RESULTS 
 
4.1  Bin versus Bulk 

  

Hovmoller diagrams of rain rate (in. h
-1  

; 
1 in. = 25.4 mm) from the Thompson and 
Geresdi scheme runs over a seven hour period 
are shown in Figs. 4 and 5, respectively.  
Clearly, the Thompson scheme develops a 
stratiform region earlier and maintains a much 
wider stratiform region than in the bin scheme, 
contrary to expectations. 

 
 
Figure 4:  Hovmoller diagram of rain rate (in. h

-1 
; 

1 in. = 25.4 mm) for the run using the Thompson 
scheme over the seven hour integration period.   
 
 
 



 
Figure 5:  Same as in Fig. 4 but for the Geresdi 
scheme. 
 
A vertical cross section of radar reflectivity for 
the TS system shortly after five hours into the 
simulation also reveals a much wider stratiform 
region in the Thompson scheme (Fig. 6a,b). 
However, the convective rain rates are 
somewhat weaker in the Geresdi scheme, a 
result that was anticiptated. 

 

  
 
Figure 6:  Vertical cross sections of simulated 
radar reflectivity shortly after 5 hours into the 
simulation for the (a) Thompson and (b) Geresdi 

schemes.  Units of reflectivity are dBZ.  
 
4.2 Fall speed modifications 
 
 When mass-weighted terminal fall 
speeds were computed in Geresdi_I, there was 
only a minor affect on the stratiform region of the 
system (Fig. 5 and Fig. 7).  The largest impact of 
the fall speed modifications occurred in the 
convective region with more intense rainfall 
occurring in Geresdi_I, as was expected.  
Frequent rain rates of at least 3 in. h

-1 
(76.2 mm 

h
-1 

) were simulated in Geresdi_I, amounts rarely 
simulated in the Geresdi run.  Note no model 
data were available for hours six and seven in 
Geresdi_I.   
 

 
Figure 7:  Hovmoller diagram of rain rate ( in. h

-

1
) for Geresdi_I for approximately 5 hours of 

integration time.  Note no model data were 
available for hours six and seven. 
 
 For experiment Thompson_I, fall speeds 
were extracted from the mature stage of the bin 
run, and were fed into the Thompson scheme. 
Figure 8 is a Hovmoller diagram of rain rate (in. 
h

-1
) from Thompson_I and shows the rain rates 

in the stratiform region to be slightly better 
defined and the stratiform region to be slightly 
more extensive (Fig. 4 and Fig. 8).  Rain rates in 
the convective region were also slightly weaker, 
as anticipated. 

a) 

b) 



 
Figure 8:  Hovmoller diagram of rain rate ( in h

-1
) 

for Thompson_I for seven hours of integration.  
 
 A time series of accumulated rainfall for 
6 selected grid points shows the Geresdi 
scheme often with more accumulated rainfall 
than the Thompson scheme (Fig. 9) likely due to 
the Geresdi schemes slower moving system and 
wider convective region. Note the location of the 
grid points are indicated on the top left portion of 
each panel in Fig. 9, and can be easily identified 
in Fig. 8. The TS system progressed faster in 
the Thompson scheme than in the Geresdi 
scheme by 15 minutes early on to as much as 
30 minutes when the system was mature.   Also, 
Geresdi_I has a stronger convective rain rate, as 
expected, indicating that perhaps the use of the 
mass-weighted terminal fall speeds in the bin 
scheme resulted in more smaller particles falling 
out with the larger particles in the convective 
region.  Additionally, the stratiform rain rates in 
Thompson_I appear stronger than in Thompson, 
while the convective rain rates generally appear 
weaker.  This is consistent with the idea that the 
bin scheme better captures the fall speed 
distributions and incorporating bin fall speeds 
into the bulk scheme results in more smaller 
particles being advected away from the main 
updraft region and contributing to the stratiform 
region, while also leading to smaller convective 
rain rates.   

 
Figure 9:  Time series of accumulated rainfall 
(mm) for six points from various experiments 
indicated within the plot above.  The location of 
the grid points are indicated on the top left 
portion of each panel in the above figure and 
can be easily identified in Fig. 8. 
 
 An analysis of fall speeds from 
Thompson and Thompson_I averaged over the 
entire domain (Fig. 10)  shows Thompson_I 
snow fall speeds lower for most of the 
integration period and with graupel fall speeds 
lower during the first two hours of the simulation.  
This could help explain the slightly larger 
stratiform rain rate, as shown earlier in 
Thompson_I as slower falling particles were 
suspended longer and able to be advected away 
from the main updraft region.  The effects of the 
larger Thompson_I rain fall speeds were likely 
limited as rain particles would not be expected to 
play a major role in developing the stratiform 
region due to their relatively short duration within 
the troposphere.    



 
Figure 10:  Time series of domain-averaged fall 
speeds of ice,snow,graupel and rain for 
Thompson and the Thompson_I. 
 
5.  SUMMARY 
 
 The Geresdi 2-D simulation of a TS 
system had a weaker stratiform region than that 
simulated by the Thompson scheme, a result not 
anticipated.  However, implementing the mass-
weighted terminal fall speed relations from the 
Thompson scheme into the bin scheme resulted 
in the bin scheme having larger convective rain 
rates, a result that was expected.  Additionally, 
using the fall speed distributions from the bin 
scheme run to drive the Thompson scheme run 
resulted in a convective rain rate that was 
slightly lower and a stratiform rain rate that was 
larger compared to the control Thompson 
simulation.  Additionally, the spatial extent of the 
stratiform region was slightly larger in the 
Thompson_I run, the run driven by bin fall 
speeds.  It was determined that Thompson_I 
generally had  lower fall speeds for snow and ice 
suggesting that these particles might have been 
suspended for a longer period of time and 
advected farther away from the main updraft 
region reducing the convective rain and creating 
a larger stratiform region.  
 
6.  FUTURE WORK 
 
 Additional work includes using an 
improved method for incorporating the Geresdi 
scheme fall speeds into the Thompson scheme.  
Instead of using bin fall speeds from a specified 
time interval (the mature stage as was done 
here), it might be more appropriate to separate 
the fall speeds into those associated with 
convective rainfall and those with stratiform 
rainfall.  The purpose for this change is the 
recognition that fall speed distributions could 
vary between the convective and stratiform 
regions and likely during the early and mature 
stages of the system. 

 This work focused on a TS case and an 
extension to an LS case is underway.  
Additionally, a careful evaluation of the 
microphysical and dynamic processes involved 
in the experiments will be examined in the 2-D 
cases as well as 3-D cases and with different 
soundings.  Additional testing with a higher 
vertical grid resolution is also underway. 
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