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1. INTRODUCTION 
 
In January of 2009, a significant ice storm 
impacted the state of Kentucky (Speath, et al, 
2009, Grumm and LaCorte, 2009).   Large areas 
of the state were impacted, with significant 
damage and loss of electricity resulting.  A 
critical component in the formation of ice at the 
surface is the depth of the near-surface sub-
freezing layer as well as the depth of the above-
freezing layer above.  Knowledge of the depth of 
both of these layers is helpful in determining 
surface precipitation type.  Vertical profiles of the 
atmosphere are essential for determining the 
thicknesses of these layers.  The number of 
vertical sounding profiles in the state of 
Kentucky is limited.  There are no sounding sites 
in the state, and the nearby sounding sites 
(Nashville TN, Wilmington OH) only collect data 
every 12 hours.   
 
Detection of the heights of the freezing layers 
during precipitation is possible with radar.  This 
approach is limited by the horizontal resolution 
of the radar.  Radar gates are hundreds of 
meters deep, and become deeper the further 
away from the radar.  For example, 100km away 
from the radar site, the bottom-most radar gate 
is approximately 1km off the ground, and is 700-
meters deep.  Given the shallow nature of near-
surface sub-freezing layers, the vertical 
resolution of standard WSR88D radar is not 
sufficient for resolving the freezing level. 
 
An alternative is a micro rain radar (MRR).  This 
vertically pointing radar can observe rain rate, 
liquid water content, fall velocity, and reflectivity 
– including the ‘bright band’.  The MRR has a 
vertical resolution of 150 meters, with the lowest 
gate at 150 meters above ground level.  This 
sort of fidelity of vertical profile can resolve the 
near surface sub-freezing layer and overriding 
above-freezing layer – but only at one location.  
Given the relative costs of an MRR and a 
WSR88D (~$20K vs ~$2M), one could deploy a 
network of MRRs for the cost of one 88D.  The 
question then is: what is the required network 
density required to accurately depict the altitude 
of the freezing levels. 
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To assess the needed horizontal resolution of a 
MRR network, we conducted an observing 
system experiment.  Using WRF to construct a 
nature run, we varied the density of hypothetical 
MRR sites. 
 
2. WRF SIMULATION 
 
In the spirit of an observing system experiment, 
the WRF model was run at high enough 
horizontal and vertical resolution to effectively 
simulate what an MRR would observe.  WRF 
version 3.1 was run for a triple domain, shown in 
figure 1.  The innermost domain had a resolution 
of 4/3km, 670x550 grid points, with 45 vertical 
levels.  The physics options for this runs are as 
follows: for cloud microphysics, the Goddard 
3ICE scheme (Tao et al. 2003; Lang et al. 2007) 
with snow, ice, and graupel, for shortwave and 
longwave radiation, the Community Atmosphere 
Model (CAM, Collins et al. 2004) schemes, for 
the boundary layer and surface layer, the quasi-
normal scale elimination (QNSE, Sukoriansky et 
al. 2005) schemes, and for the soil layer, the 
NOAH land surface model (Ek et al., 2003).  For 
this run we used This WRF model run was 
initialized using the NAM model, initialized at 
0000 UTC on 27 January 2009.  Our WRF 
simulation was 48 hours in length.   
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Figure 1.  The domains for the WRF 
simulation.  The resolution of the inner most domain 
(colors) is 4/3km, the middle domain (red) is 4km, and 
the outer domain (mustard) is 12km. 
 



3. RESULTS 
 
The first issue to address was whether or not 
there was a correlation between a parameter 
that the radar could observe and the height of 
the freezing level.  Indeed, there was.  Radar 
has a ‘bright band’ associated with the freezing 
level, and cross-sections indicated that radar 
reflectivity would peak at a freezing level.  Figure 
2 shows such a cross-section, with a peak in 
reflectivity near the freezing level.  When looking 
from the ground up, the altitude of the 25dbz 
surface was at roughly the same altitude as the 
freezing level. 
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Figure 2. Cross section through 86W of simulated 
radar reflectivity (colors), and the height of the 0C 
isotherm (red line).     
 
Given this correlation, we chose to compare the 
height of the first 25dbz layer encountered to the 
height of the first freezing level encountered if 
ascending from the surface.  Figure 3 is such a 
comparison, for 1500 UTC on 27 January 2009.  
In northern and central Illinois, Indiana, and 
Ohio, the air is freezing from the surface through 
the atmosphere.  In Tennessee, the air is above 
freezing through at least the bottom 2000 meters 
of the atmosphere.  In between these areas the 
height of the freezing level transitions.   There is 
a reasonable correlation between the height of 
the 25 dbz surface and the 0C surface, both 
transitioning from ground level in southern 
Illinois, Indiana, and Ohio to 2000m in 
Tennessee.   
 
For the image shown in figure 3, these surfaces 
are calculated at all model gridpoints.  For the 
25 dbz surface, this is equivalent to having an 
MRR every 1.33km, which is not likely.   
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Figure 3. Height of the 0C isotherm (a) and height of 
the 25 dbz surface (b) in meters.  Blue is 0 meters 
above ground level, red it 2000m above ground level.  
Model data from 1500 UTC on 27 January 2009. 
  
We chose to think the number of MRR sites, 
selecting every 10th model grid point (13.3km 
resolution), every 20th model grid point (26.7km 
resolution, and every 50th model grid point 
(66.7km resolution.  Figure 4 shows plots of the 
height of the 25dbz surface for those observing 
densities.  The general pattern is the same in all 
three images, but the fidelity of the surface 
decreases as the observation density is 
lessened.  Indeed, at a resolution of 66.7km, it is 
difficult to be confident in the heights observed.  
 
The issue with the fidelity of the 25dbz surface is 
in the north-south direction, not the west-east 
direction.  Indeed, even at the coarse 66.7km 
observing density, the transition zone is 
captured. 
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Figure 4. Height of the 25dbz surface, for MRR 
observations taken every (a) 13.3km, (b) 26.7km, and 
(c) 66.7km. Blue is 0 meters above ground level, red it 
2000m above ground level. 
 
 

4. CONCLUSIONS 
 
As with any atmospheric feature, the density of 
observations must match the length scale of the 
feature.  Given that the north-south extent of this 
transition zone is approximately 150km.  As 
such the north-south density of an MRR network 
must be at least 75km.  We attempted a network 
with 133.3km resolution (figure 5) and could not 
effectively observe the 25dbz surface. 
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Figure 5.  Height of the 25dbz surface, for MRR 
observations taken every 133.3km (a) and height of 
the 0C isosurface, data every 1.33km. Blue is 0 
meters above ground level, red it 2000m above 
ground level.  Boxes indicate observing sites. 
 
Given that a network should have 4 or so 
observations across the transition zone, we 
recommend an MRR deployment at roughly the 
county scale.  In addition, the observing sites 
should be in a climatologically likely transition 
zone.  One such location is western North 



Carolina, were there are 1-3 mixed precipitation 
events annually (Robinson, 2005).  The area of 
our case study, the Ohio Valley, also is in a 
climatologically favored region for mixed 
precipitation events (Spoden, 2010, personal 
communication). 
 
MRR data could provide valuable data to 
forecasters, overcoming a ‘gap’ in the observing 
network. The NWS WFO Raleigh has found the 
information useful because it provides vertical 
profiles that they would not otherwise have. The 
data is a good indicator of whether or not 
precipitation is hitting the ground, what type of 
precipitation it is, and how the depth of dry layer 
is changing over time.  The MRR complements 
the present observing system. 
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