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We next quantify the spatial arrangement of polygons bounded 
by reflectivity values 20-45 dBZ every 5 dBZ (Fig. 2). The distance 
and bearing of polygon centroids are calculated relative to the 
storm center and used to measure fragmentation and dispersion 
(A) (Zick and Matyas 2014). Area is combined with perimeter to 
calculate compactness (B) (MacEachren 1985). The ratio of width 
to length permits calculation of elongation (C) (Maddox 1980) 
and orientation (Williams and Wentz 2008). Perimeter length is 
also used for convexity (D), which is the ratio between perimeters 
of the shape and its convex hull (Jamil et al. 1993). Determining 
the convex hull permits the calculation of solidity (E), which 
compares the shape’s area to the area of its convex hull (Jiao et 
al. 2012). As TC rainbands tend to curve, we quantify the degree 
of closure around a circle for polygons that do not fully encircle 
the storm center (F) (Matyas and Tang 2015). We also calculate 
the percent of intersection between polygons produced by the 
WRF simulation and those from the radar observations. These 
measures help determine differences in rainfall regions and 
identify the best match of model to observations. 
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Due to model parameterization and resolution, we expected the WRF shapes to have less complex perimeters, yielding lower length 
values. Mann-Whitney U tests confirmed that compactness and convexity were significantly different between radar and WRF at each 
time. We  did retain the null hypothesis of shape similarity for elongation, solidity, and orientation.  Table 1 illustrates the similarity in 
elongation (C) and solidity (E), while the WRF shapes are more compact (B) with perimeters having similar lengths relative to their 
convex hull (D). Thus, we conclude that the calculation of shape metrics facilitates comparison of observed and modeled radar data. 
 

Mann-Whitney U tests compared the shape metrics of the radar-observed 40 dBZ regions to the WRF 40 and 45 dBZ regions. Results 
show that the shapes of the 45 dBZ simulated regions were more similar to those of the observed 40 dBZ polygons, confirming that the 
WRF produced reflectivity values that were too high. Although the WRF simulation produced slower wind speeds, its minimum central 
pressure correlated highly with that of Isabel (Fig. 4), indicating a good representation of intensity. While we conclude that the WRF 
simulated reflectivity values accurately depicted shape and orientation, we hypothesize that the high reflectivity values may stem from 
the simplifying assumptions of a single-moment bulk microphysics scheme. Future work will investigate more complex microphysical 
parameterizations to better account for hydrometeor distributions.   

We utilize the Advanced Research Weather Research and Forecasting (WRF-ARW) 
model version 3.4.1 (Wang et al. 2012). The WRF model solves the fully 
compressible, non-hydrostatic Euler equations using a mass-based terrain-
following vertical coordinate (Skamarock et al. 2008).  The model domain is triply 
nested through two-way nesting with a coarse domain of 27 km horizontal 
resolution and two inner nests of 9 and 3 km resolution, respectively. The Global 
Forecast System final analyses are used for initial and boundary conditions.  The 
coarse domain is initialized at 00 UTC Sept. 16, and inner nests are initialized 24 
hours later. Modeling of tropical cyclones is highly sensitive to physical processes 
(e.g., Davis and Bosart 2002; Wang 2002).  Also, simulated reflectivity depends on 
the model’s microphysics scheme (Koch et al. 2005; Stoelinga 2005). We employ 
the following physics packages: WRF Single-Moment 6-class microphysics and 
Yonsei University (YSU) boundary layer scheme.  The Tiedtke convective 
parameterization is utilized for 27 and 9 km simulations but turned off for the 3 
km simulation. We examine simulated reflectivity every 30 minutes. 

We employ a map-reduce framework (Lakshmanan and Humphrey 2014)  to 
process Level II reflectivity data from radars within 600 km of the storm center 
(Fig. 1). After quality control and pre-processing, data are gridded at 250 m x 250 
m x 250 m resolution every 5 minutes using data from a 10-minute moving 
window. Values for grid cells with data from multiple radars are calculated using a 
time-distance weighted function (Lakshmanan et al. 2006). Cells with missing 
values are filled using a distance-weighted interpolation performed in a 
Geographic Information System (GIS). We then draw contours every 5 dBZ, 
execute a smoothing algorithm, and convert the contours into polygons.   A. B. 

C. D. 

E. F. 

n B C D E F 

Radar 1700 15 0.48 0.33 0.72 0.66 210° 
WRF 1700 9 0.53 0.36 0.89 0.67 170° 

Radar 1830 20 0.50 0.36 0.79 0.67 200° 
WRF 1830 11 0.70 0.38 0.93 0.78 160° 

Radar 2000 16 0.47 0.35 0.75 0.61 180° 
WRF 2000 10 0.67 0.48 0.89 0.76 80° 

Table 1. Median values for 40 dBZ (radar) and 45 dBZ 
polygons (WRF) with area >200 sq. km. Letters B-F 
correspond to Figure 2. Closure is for the storm core. 

Fig. 4. Comparison of WRF minimum mean sea level 
pressure and maximum sustained wind speeds to the 
Best Track (BT). Time begins at inner nest initialization. 

Fig. 3. 3.5 km reflectivity  at A) 1700, B) 1830, C) 2000 UTC. WRF values are the transparent layer. 

Although landfall occurred ~1 hour earlier and 120 km north in WRF, the high 
reflectivity polygons southwest of center have similar position and shape (Fig. 3a). 
At 1830 UTC, high reflectivity polygons surrounding the core are similar in shape 
and orientation despite the WRF centroid’s offset of 60 km northwest (Fig. 3b). Yet, 
the model fails to produce the high reflectivity values over Maryland, which explains 
the increase in the number of radar-observed 40 dBZ polygons (Table 1). By 2000 
UTC (Fig. 3c), WRF does not depict the broadening of the 35 dBZ region in the 
storm’s core, a feature on radar also noted after Hurricane Charley’s (2004) landfall 
(Matyas 2009). The model also moves the storm too quickly inland and exposes its 
core to environmental air more rapidly than was observed by radar (Table 1, column 
F), indicating an accelerated extratropical transition process (Gautam et al. 2008). 

Fig. 1. Radar processing flowchart. 

Fig. 2. Position and shape metrics identified in the paragraph above. 
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