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Abstract 

 

 Meteorological forecasting on a very short time scale using radar data has always 

posed numerous problems since the advent of modern radar technology, including what 

field to use, how strongly to advect the forecast, and how to determine and implement 

growth and decay rates for the short-term forecast.  In addition, it is difficult to determine 

the accuracy of these short-term forecasts, known as nowcasts, using traditional statistics 

such probability of detection and false alarm ratio.  Therefore, the fields of radar 

nowcasting and verification research have become more popular in recent years, but a 

crucial new meteorological technology has been under exploited – dual-polarized radar 

data.  As such, it is the goal of this thesis project to introduce the dual-polarized 

parameters of differential reflectivity and specific differential phase into current 

nowcasting and verification methods in conjunction with traditional radar reflectivity 

with the goal of determining the viability of nowcasting these products, hopefully, to 

reduce risk and increase warning lead time for the public.  Thirteen cases were studied 

ranging in type from supercells through pop-up thunderstorms to create a wide variety of 

data to work with.  Reflectivity, differential reflectivity, and specific differential phase 

nowcasts were created for each case using six different threshold bands which were then 

verified using the Procrustes verification scheme under variable set-up conditions so that 

different components of the forecast including translation, intensity, rotation, and dilation 

error could be determined; thus, providing a framework from which to begin more 

vigorous studies of dual-polarized nowcasting and verification.  Based on results from 

this study, it is clear that nowcasting reflectivity, differential reflectivity, and specific 



 xi 

differential phase is entirely feasible; as is the verification of these forecasts using the 

Procrustes shape analysis scheme.  A determination of which threshold bounds to use for 

nowcasting in WDSS-II could not be provided in a precise manner based on the results of 

this study, and neither could reliable set-up values for Procrustes.  However, as a proof of 

concept there is optimism and it is believed that delving further into the setup of both 

programs, and the inclusion of significantly more cases could provide the results desired. 
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Chapter 1: Introduction 

 Short-term radar forecasting, or nowcasting, is on the forefront of meteorological 

technology and is one of the closest links the public has to forecasting due to its 

prevalence during severe weather events.  With the public eye focused on how quickly 

and accurately warnings and predictions of dangerous weather events are released, it is of 

critical importance that research continues in this sector so as to save lives, money, and to 

help improve the public perception of meteorological forecasts as a whole.   

 To continue and improve the way nowcasts are created it is also important to have 

a way of accurately verifying how the forecast performed.  In the past statistics such as 

probability of detection (POD) and false alarm ratio (FAR) were standard, but they were 

lacking in more specialized errors.  Take, for instance, a hydrological forecast which has 

a greater focus on how much rain fell during an event than parameters such as what the 

system looked like or how it moved.  A simple POD or FAR does not provide the 

information needed for that forecast to be accurately verified as the only information 

gathered is whether or not precipitation was forecasted in the correct area.  Thus, 

researchers have been working tirelessly on determining ways to isolate error 

components in these forecasts so that forecasting problems can be broken down into 

smaller categories and improved upon with greater accuracy and efficiency.  Methods 

such as the Ebert-McBride Technique, which used a contiguous rain area based approach 

to finding overlapping regions of precipitation in the forecast (Ebert and McBride 2000), 

and object-based methods pairing cells by minimizing centroid distance decompose 

forecast error components beyond simple hit and miss patterns to allow forecasters to 

identify error components such as translation and dilation error (Davis et al. 2006).   
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 More recently a number of methods have been introduced which propose different 

ways of verifying forecasts which give a number of different error components (Gilleland 

et al. 2006).  One in particular, the Procrustes shape analysis method, has been the focus 

of a number of papers and provides an extremely useful breakdown of error components 

into total penalty error, translation error, rotation error, dilation error, and intensity error 

(Micheas et al. 2007; Lack et al. 2010).  However, one research path seems to be 

unexplored – dual-polarized radar forecasts.  Over the past decade, dual-polarized radar 

information has become more readily available than ever, culminating in the completion 

of the WSR-88D network upgrade to full dual-polarized capability.  The parameters 

produced by these radars have been studied extensively and are already in use for real 

time forecasting, but more often than not their use is limited to current readouts rather 

than forecasts of those variables.  If creating nowcasts of dual-polarized radar parameters 

is possible using any of the current nowcasting software, it is possible that those products 

could be used to extend lead times for warnings for severe weather events. 

 

1.1 Purpose 

 This thesis will use the Procrustes verification method on dual-polarized radar 

nowcasts of differential reflectivity, specific differential phase, and horizontally polarized 

reflectivity (from here: reflectivity) created using the Warning Decision Support System 

– Integrated Information (WDSS-II) to determine how well both systems perform with 

parameters which are becoming more common with each passing year in the field of 

radar nowcasting.  Cases will be selected from various storm types: (1) Supercells, (2) 

Linear Systems, (3) Multi-cell events, and (4) various smaller systems not falling into any 
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of the three preceding categories.  Appropriateness of these forecasts will be evaluated 

based on the five categories of error presented by Procrustes: (1) Total penalty, (2), 

Translation error, (3), Rotation error, (4) Dilation error, and (5) Intensity error.  Results 

will be compared between cases of each type in the hopes that: (1) a three panel 

Z/ZDR/KDP nowcast appears realistic and useable to a forecaster and (2) if nowcast set-ups 

can be determined for future research and use. 

 

1.2 Objectives 

 To focus this research and to achieve the above-mentioned goals, the following 

objectives were chosen for study: 

1. Determine whether or not WDSS-II is capable of creating nowcasts of 

dual-polarized parameters and how well it creates nowcasts of the standard 

reflectivity field. 

2. Assess how well the Procrustes verification scheme works with the 

nowcasted parameters. 

3. Identify the best upper and lower threshold bands for each storm type and 

radar parameter for nowcasting in WDSS-II using Procrustes. 

4. Break down the error components produced by Procrustes to examine how 

well WDSS-II does with specific portions of the dual-polarized forecasts – 

overall error, translation error, rotation error, dilation error, and intensity 

error. 
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Chapter 2 – Literature Review 

 

 In order to accomplish the goals of this project a thorough investigation into the 

literature available on the subjects of nowcasting and forecast verification was conducted.  

This has been split into three primary sections which are as follows: (1) an introduction to 

the radar parameters used during this project, (2) nowcasting of radar data using the 

Warning Decision Support System -  Integrated Information, and (3) shape and object-

based verification studies using Procrustes. 

 

2.1 Radar Parameters 

 Dual-polarized radar is one of the most recent and significant advances in 

operational radar meteorology.  It adds a second axis, vertically polarized, to the previous 

horizontally polarized radar beam.  With this second dimension available for use a 

number of new products have become available for forecasters and researchers across the 

globe including differential reflectivity (ZDR),  differential propagation phase shift 

(ΦDP), specific differential phase (KDP), and the co-polar correlation coefficient (ρHV).  

Using these newly available parameters and products in addition to traditional radar 

reflectivity much more specific and useful information can be gained about the types and 

concentrations of hydrometeors within a meteorological event (Kumjian 2013). 

 Understanding dual-polarized radar products requires one to know how a 

regularly, horizontally polarized radar works and what radar reflectivity is.  Radar works 

by transmitting an electromagnetic pulse at a specific frequency and measuring the return 

signal, making it an active sensor (Kumjian 2013). This radiation travels through the 
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atmosphere and comes into contact with particles causing the particle to scatter that 

energy in all directions based on the shape, size, composition, and orientation of the 

particle in question.  Traditional single-polarized radars take three measurements based 

on the received energy scattered back at the radar by the particle which include: (1) radar 

reflectivity, which is proportional to the power of the received signal, (2) Doppler 

velocity, determined from the power-weighted mean Doppler frequency shift of targets 

within the radar sampling volume, and (3) the Doppler spectrum width which is a 

measure of the variability of Doppler velocities inside the sampling volume (Kumjian 

2013).  While these measurements allow for short-term radar forecasting and storm 

feature identification, they only measure in the horizontal plane which becomes an issue 

when trying to differentiate between different hydrometeors within a radar scan. 

 Radar reflectivity is the most well known of these parameters, but must be 

understood in detail so as to explain dual polarized radar parameters.  As previously 

mentioned, radar reflectivity is measured as the proportion of the backscattered 

electromagnetic pulse which is sent back to the radar during a routine scan.  This 

horizontally polarized radar echo is then analyzed based on the strength of the return 

signal to determine what causes the scattering and to gather information on the size, 

shape, concentration, and orientation of the scatterer.  The primary target for radar 

reflectivity echoes are hydrometeors which generally produce values of between 0 and 70 

decibels Z (dBZ), where Z is a calculated radar reflectivity factor based on scatterer size 

distributions.  An example of radar reflectivity showing the range of reflectivity values 

for a linear system is shown below in Figure 2.1. 
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 Differential reflectivity, shown in Figure 2.2, is one of the most widely used of 

these new parameters owing to its ability to differentiate between hydrometeors within 

storms to a greater degree of accuracy than previous horizontally polarized reflectivity 

products.  This is due to the fact that ZDR is calculated as the logarithmic difference 

between the reflectivity factors of the horizontally and vertically polarized returns.  This 

method produces results such that spherical or rapidly tumbling hydrometeors return 

values of near 0 dB, while targets aligned with their major axis in the horizontal plane 

return positive values and targets with their major axis aligned vertically return negative 

values of ZDR.  Typically this means that larger raindrops will return larger values of 

ZDR and will commonly show a comparative increase in reflectivity, except in the case 

of size sorting wherein ZDR will produce large values while reflectivity will show lower 

values than expected (Kumjian 2013)..  Hail will produce a wide range of differential 

reflectivity values depending on the size, orientation, and liquid water content of the 

stone rather than the typically high values returned with horizontal reflectivity 

measurements.  These properties are of great importance to forecaster because with 

typical reflectivity measurements it would be difficult to differentiate the hail core from 

areas of heavy rain, but due to the size sorting present in the convective column, it should 

be much easier to distinguish between regions of hail and heavy rainfall. 

 Differential propagation phase shift and specific differential phase (exemplified in 

Figure 2.3) also provide useful information for distinguishing between hydrometeor 

types.  The differential propagation phase shift (DP) is simply the difference in phase 

shift between horizontal and vertical polarizations, while the specific differential phase 
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shift is half of the range derivative of ΦDP (Kumjian 2013).  The differential phase shift 

is sensitive to the particle concentration in the beam which can give useful information 

about variations in regions of heavy rainfall.  It is particularly useful because it is 

unaffected of attenuation of hydrometeors, beam blockage, or miscalibration of the radar. 

However, KDP is more widely used because it gives the amount of differential phase 

shift over a distance which allows for easier identification of regions of heavy rain 

(Kumjian 2013).  This is of critical importance when calculating rainfall rates in storms 

which have hail mixed in with regions of heavy rain as KDP's sensitivity to the particle 

concentration and relation to the gradient of the phase shift allows for researchers to 

distinguish regions of hail within regions of rain. 

 When combined differential reflectivity and specific differential phase shift allows 

for much more reliable placement of different hydrometeor types within a storm, but 

there is still some uncertainty within the results.  By using the co-polar correlation 

coefficient along with ZDR and KDP, however, one can narrow down regions of heavy 

rainfall and areas of rainfall with hail mixed in.  The co-polar correlation coefficient is a 

measure of the differences in how each scatterer within a beam affects the horizontal and 

vertical polarization signatures.  From an operational standpoint this breaks down to 

smaller, uniform drops of rain returning a ρHV value of near 1, large drops returning 

values slightly below 1, and hailstones returning values of around .95 (wet) to .85 (large, 

dry) (Kumjian 2013).  Ideally one would want to use a combination of these products 

when forecasting severe weather, however, due to software limitations in WDSS-II only 

reflectivity, differential reflectivity, and specific differential reflectivity will be used for 

this project. 
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Figure 2.1: Radar Reflectivity (dBZ) of a linear system occurring at 004640 UTC in Little 

        Rock, AR on October 3rd, 2014. 

 

 

Figure 2.2: Differential Reflectivity (dB) of a linear system occurring at 004640 UTC in    

        Little Rock, AR on October 3rd, 2014. 
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Figure 2.3: Specific Differential Phase (deg/km) of a linear system occurring at 004640    

       UTC in Little Rock, AR on October 3rd, 2014. 

 

 

2.2 Nowcasting 

 

2.2.1 WDSS-II 

 Data processing and analysis for this project was done through the Warning 

Detection Support System – Integrated Information (WDSS-II).  WDSS-II allows for the 

visualization of intermediate and final forecast products from both archived and real-time 

data as well as a seamless transition between the two.  In addition, WDSS-II allows for 

multiple radars to be used in a composite that allows for an increased spatial resolution, 

higher temporal resolution, and a reduction in errors due to radar geometry (Lakshmanan 

et al. 2006b).  Using this higher resolution data WDSS-II allows for the processing and 



 10 

output of many useful products for severe weather forecasting such as circulation strength 

estimates, rotation track mapping, hail detection algorithms, nowcasting algorithms, and 

multi-radar, multi-sensor cluster based motion estimates (Lakshmanan et al. 2006b).  

WDSS-II was chosen as the analysis software for this project over numerous other 

programs which include GR2 analyst and IDV.  These programs are both designed to 

display and analyze similar data to WDSS-II, but come with limitations such as only 

using a single radar site at a time and, more importantly, slower processing speeds.  

WDSS-II serves as a combination of the best features of these programs with options 

beyond those which either program offers and, as such, serves as the best choice for this 

project.  

 WDSS-II also contains the core algorithms that are incorporated in to merge 

processed radar data so that it can be viewed in either its own visualization program or an 

outside source such as MATLAB.  WDSS-II uses a unique combination of multi-radar 

merger algorithms and intelligent agents within the program to handle the temporal and 

spatial differences in the input radar data which allows for its multi-sensor output grids to 

maintain a higher temporal resolution, higher vertical resolution, and better handling of 

beam geometry problems than other programs and algorithms designed for single radar 

processing.  In addition, the use of a constantly updating grid for this process allows for 

updates on the interval of 60s versus the typical update time of 5 minutes or more 

produced by traditional methods which rely on the completion of a full volume scan 

before the product can be updated (Lakshmanan et al. 2006a).  

 Primarily, these benefits owe to the use of the “intelligent agents” embedded 

within the WDSS-II software.  Intelligent agents are computational systems which inhabit 
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a program, WDSS-II in this case, which exist for a specific purpose within the program 

and persist only until their purpose is completed.  In the case of WDSS-II intelligent 

agents are created at each range gate of each radar and persist until they capture the 

movement of the storm in question at a given point and can find a place on the merged 

3D grid to place themselves (Lakshmanan et al. 2006a).  Through this process, it is 

possible for WDSS-II to quickly and accurately yield merged velocity and scalar data 

from multiple radars in one significantly more useful product. 

 While the use of the WDSS-II merger routine can yield higher resolution products 

than more traditional methods there are still problems with the process, the most 

applicable of which being the issue of transferring the merged data onto a 3D Cartesian 

grid.  When merging data from multiple radars in WDSS-II three conditions must be met: 

(1) the coverage areas from each radar overlap, (2) the viewing angle for the merged 

radars are orthogonal to each other, and (3) that the radars being used are stationary 

(Lakshmanan et al. 2006a).  A number of issues can arise when this is taken into 

consideration, such as areas in velocity products not having any viewable data and 

WDSS-II not being able to resolve velocity products completely when the radars used are 

not at right angles to each other.  This is a common problem in real life situations.  Taking 

the WSR-88D network used in the United States as an example, the only condition 

outlined above which is satisfied is the stationary radar requirement. Some regions have 

the benefit of slight overlap and near orthogonal viewing angles, however, this is lacking 

throughout most of the network coverage area.  Lakshmanan et al. (2006a) suggest that 

this problem can be solved by merging data from both the WSR-88D and TDWR 

networks, but little research has been done to verify that merging these networks, which 
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use different wavelengths, produces more accurate results.  Overall, the WDSS-II merger 

routine produces consistently more accurate results with single radar input than previous 

radar analysis software, and its ability to output data to a 3D Cartesian grid makes 

viewing and analyzing radar products much easier for forecasters, and much easier for 

those doing research to view the data and process it further using programs like 

MATLAB. 

 

2.2.2 Nowcasting Techniques 

 Over the past few decades many techniques to identify and track severe weather 

events using radar reflectivity data have been created and most fall into one of two 

categories: (1) storm cell identification algorithms including cross-correlation and storm 

centroid identification techniques and (2) k-means clustering products (Johnson et al. 

1998; Lakshmanan et al. 2003).  Both types methods have strengths and weaknesses 

which are discussed below, and both are available in the nowcasting software used for 

this project, WDSS-II (Sen Roy et al. 2014). 

 Storm cell identification algorithms have been in use for years and have been 

evolving over time to meet the ever increasing accuracy and precision needs of modern 

forecasters.  One of the first techniques of this type was the cross-correlation analysis 

technique which focused on larger scale motion tracking such as for cells in a large echo 

region or the entire reflectivity field as a whole.  Early examples of this system included 

the Terminal Weather System storm cell information algorithm and the Advanced Traffic 

Management System cross-correlation tracker algorithm designed for use by the FAA 

(Johnson et al. 1998).  



 13 

 Cell centroid identification and tracking methods replaced cross-correlation 

techniques. These algorithms were designed using 2D radar reflectivity data and were 

able to identify areas of contiguous echo above a set threshold.  Following this, an 

intensity-weighted centroid was used to define storm location for each identified cell.  

Eventually this technique evolved to identify 3D cell cores within large reflectivity 

echoes, as well as the ability to track cell reflectivity maximums (Johnson et al. 1998). 

Algorithms of this type eventually became the basis of the WSR-88D storm series 

algorithm (Johnson et al. 1998). 

 Johnson et al. (1998) described an advancement in the storm cell identification 

nowcasting method known as the Storm Cell Identification and Tracking Algorithm 

(SCIT) that became the base for the WSR-88D storm series algorithm starting with build 

9.0 and is also present in legacy form in WDSS-II (Sen Roy et al. 2014).   It was 

developed when the older storm series algorithm was found to perform poorly when used 

on systems with closely spaced storm cells.  One of the key improvements of the SCIT 

algorithm over the storm series algorithm is that there are seven reflectivity thresholds 

(30, 35, 40, 45, 50, 55, and 60 dBZ) as opposed to one 30-dBZ threshold.  This allows for 

individual storm cells to be tracked, instead of the whole system, and also allows for 

storm cell characteristics to be defined; thus, the evolution of cell parameters is available 

to the forecaster (Johnson et al. 1998). 

 Lakshmanan et al. (2003) suggest that previous methods of identifying and 

tracking storm cells are lacking, as they work primarily on either a large scale or a small 

scale, but none of the algorithms work well across a variety of scales.  Therefore, a hybrid 

technique was proposed using motion estimates for groups of storms are made at various 
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scales which minimizes the mean-absolute-error between the current frame and 

corresponding pixels in the previous frame.  This is done using the actual storm cell 

shape rather than using a rectangular sub-grid as in previous methods (Lakshmanan et al. 

2003).  Simply described, this method has three steps: (1) identifying storms at various 

scales, (2) estimating the motion at various scales, and (3) forecasting for set periods 

using those motion estimates.  A K-Means clustering technique is used to determine the 

motion estimates used for these nowcasts using nested partitions to cluster image values 

neighboring a pixel if it has already been identified as part of the cluster or if it belongs to 

another cluster with a mean close to the neighboring pixel’s value (Lakshmanan et al. 

2003).  As clusters are created they are merged using a growing algorithm which 

determines if a region consists of at least 8 connected pixels belonging to the same 

cluster.  If the connecting region is determined to be too small, it is merged with the 

closest cluster of the most similar mean value (Lakshmanan et al. 2003).  The result of 

this process is a more accurate cell identification algorithm which works on storm cells 

and systems on a much wider variety of scales than previously available.  

 Within WDSS-II, both the SCIT and K-Means clustering nowcasting algorithms 

are available (Sen Roy et al. 2014).  Since the centroid tracking of the SCIT methodology 

does not work on convective cells with a short lifespan, and the K-Means technique has 

been found to work on most convective systems, the K-Means algorithm was chosen for 

this study.  This methodology is applied in WDSS-II through the “w2segmotionll” tool.  

Within this tool there are many switches that can be turned on and off such as the '–a' 

switch which allows for the growth and decay algorithms to be turned off/on, and the '–k' 

option that applies a smoothing Gaussian filter to the nowcast (Sen Roy et al. 2014).  
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More importantly to this project is the capability to specify the radar product being 

nowcasted as well as the minimum and maximum threshold values used during the cell 

identification process. 

  

2.2.3 Nowcasting with WDSS-II: Case Study 

 Sen Roy et al. (2014 described testing nowcasting using WDSS-II from T+0 to 

T+2 hours out over the Delhi region of India focusing on three types of convective 

systems: (1) convective lines associated with winter and early pre-monsoon weather 

systems, (2) deep convective cells that form in the pre-monsoon and post-monsoon 

season, and (3) wide convective echoes that form during the monsoon season (Sen Roy et 

al. 2014).  The ability of WDSS-II nowcasting algorithm was assessed on a frame-by-

frame basis with the primary findings including the inability of the inbuilt growth-decay 

algorithm to capture the evolution of storm cell, setting of the threshold of detection of 

storms and tracking storms; and the number of scales through which storms should be 

tracked.  At all time scales the advection algorithm was found to overestimate the 

velocity of the convective areas; however, using a multi-scale segmentation approach, 

instead of the standard two-scale approach, increased the smoothness of the result but 

decreased the overall skill of the nowcast.  It was found that pre-monsoon-season low 

convection lines (which have the most rapid development change in convective zones) 

had large dilation/shape errors compared to more isolated convective pre-monsoon events 

where the primary source of error was in location (translation) while the least amount of 

error was found in monsoon systems (Sen Roy et al. 2014). 
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 Due to an increase in the frequency of high impact weather events over the Indian 

subcontinent in recent years as well as the growing economy and population of the region 

the demand for location specific short-term forecasts has increased greatly.  Recently a 

number of major upgrades have been installed over India including a network of Doppler 

Weather Radars (DWR) and an improved communication network for the transfer of data 

in real time from the observation site to local forecasters.  This allows for a re-evaluation 

of the current heuristic subjective nowcasting methods currently in use leading to studies 

testing and optimizing WDSS-II for its ability to create nowcasts for the the Indian 

subcontinent. 

 An S-band DWR located in Delhi using the scanning strategy defined in table 1 

provided the data used for this project.  Reflectivity and radial velocity data was quality-

controlled using the WDSS-II algorithms “w2smooth” and “wishdealiasing” to eliminate 

potential sources of contamination: (a) ground clutter and biological clutter, and (b) 

anomalous propagation echoes.  To address (b) the tool “w2qcnn” was used.  Only 

reflectivity data was quality-controlled in this manner which was then processed further 

for nowcasting using the tool “w2segmotion” and reflectivity threshold values of 5, 10 

and 20 dBZ.  Reflectivity data was then mapped to a 3D Cartesian field at 1km resolution 

for a domain of 400x400km around the radar using “w2merger.”  Validation of the 

nowcasts was done on a frame-by-frame basis for 10, 30, 60, 90, and 120 min forecasts 

images to determine tracking efficiency.  Quantitative verification was done using the 

Modal Evaluation Tools (MET) package from NCAR.  To maintain verification 

accuracy, the Method for Object-based Diagnostic Evaluation (MODE) package in MET 

was used so that the verification being done was object based rather than a traditional 
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grid-to-grid method.  This helps eliminate false errors due to a forecast having only one 

major source of error (e.g. translation) while the rest (dilation, rotation, and intensity) 

remained useful.  The area of each identified object and their total area were computed 

and tracked during the time period resulting in a histogram comparing this parameter 

with respect to truth and forecasted values. 

Overall results from this study indicate that the growth-decay algorithm present in 

WDSS-II is inadequate for the weather over Delhi, that a minimum threshold value of 10 

dBZ is optimum, and using a larger number of temporal scales smooths out the forecast 

(Sen Roy et al. 2015). 

 

2.3 Forecast Verification 

2.3.1 Background 

 Verification has three primary goals in meteorology: (1) assessment of forecast 

accuracy, (2) to serve as a method of comparing different forecast methods, and (3) to 

provide feedback to a user for model modifications to improve future accuracy (Lack et 

al. 2010).  Forecasters are always trying to find new, more accurate ways to predict the 

weather and as such must also find techniques to determine which methods are best for 

the variety of situations they run into.  Previous methods of achieving this goal have 

included statistics such as probability of detection (POD), false alarm ratio (FAR), critical 

success index (CSI), and the Heidke skill score.  Although these methods all give an idea 

of whether or not a particular method merits further research, they only give a baseline 

skill score that may be misleading, especially when used on fine scale convective 
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products.  Another issue that comes into play is that these methods only give an overall 

score for the full forecast and do not give any indication of how well a forecast works in a 

particular subject such as location, intensity, or shape.  Many forecasters are really only 

interested in one part of the forecast, so other methods must be used to separate these 

components of error from methods including POD, FAR, and CSI (Lack et al. 2010). 

 A study done by Ebert and McBride (2000) on the verification of quantitative 

precipitation forecasts (QPF) presented an object-oriented verification scheme which 

sought to overcome the issues associated with older verification methods by proposing a 

technique designed for estimating errors from location, rain volume, and rain pattern.   To 

accomplish this localized areas of rain needed to be identified within a given system.  

This was accomplished through the use of a method originally described by Ebert and 

McBride (1998) known as the contiguous rain area (CRA) approach wherein areas of 

contiguous rainfall are thought of separate entities from from the system and are 

identified through the use of a threshold value; thus, the identified areas of rainfall in both 

the forecast and truth images can be compared to one another. By using the CRA 

approach and comparing location and intensity in the observed and forecast fields 

location, rainfall volume, and rainfall pattern were extracted as components of error. 

 Use of this CRA based approach, known more commonly as the Ebert-McBride 

Technique (EMT), gained significant popularity after its publication. Application of the 

EMT is exemplified well in a 2006 paper by Grams et al. which uses a modified version 

of the technique to evaluate mesoscale QPF modeling done as part of the 2002 

International H2O project. Modifications included an increase in the CRA rainfall 

threshold from 0.20 inches/day to 0.25 inches every six hours, a search radius of 240 km, 
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using a correlation coefficient maximization technique rather than a total squared error 

minimization procedure for pattern matching, and an altered error decomposition method 

to adjust for the new pattern matching technique. Additionally, when representing the 

error terms during this study absolute magnitude was used as opposed to percentages 

relative to other terms so the contribution of each error term to the total MSE could be 

determined more accurately (Grams et al. 2006). Conclusions indicated overall 

systematic errors based on the type of system being forecasted and, more significantly, 

showed that a modified Ebert McBride technique could provide error statistics supportive 

of subjective model analyses. 

 Alternatively, Davis et al. (2006) suggested a different object-based verification 

approach known as the Method for Object-Based Diagnostic Evaluation (MODE) which 

identifies rain areas in a very different manner than Ebert and McBride (2000). Rather 

than using the CRA based approach for identifying regions of interest, areas containing at 

least four grid points are identified, convolved, and then thresholded. Object properties 

including intensity, area, centroid, axis angle, aspect ratio, and curvature are then defined 

before forecast and truth object matching can be done solely by minimizing the distance 

between centroids (Davis et al. 2006). It was found that this verification method worked 

well on larger cells and systems, but was still lacking in vital error statistics; thus, it was 

proposed by Davis et al. (2006) that this technique and the Ebert-McBride Technique be 

merged to allow for easier cell identification while providing meaningful results for 

forecast decomposition. 

 Many verification methods have been proposed in recent years and each has their 

own individual strengths and weaknesses. Studies done by Gallus (2010) and Gilleland et 
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al. (2009) provide useful information regarding the use of various new verification 

methods with respect to storm type and different forecast situations (e.g. hydrology; 

aviation forecasting). MODE and CRA methods were compared directly in Gallus (2010) 

through the use of Weather Research and Forecasting model ensemble forecasts and it 

was found that both methods produce similar trends in statistical output as well as more 

useful error values than traditional verification statistics. Gilleland et al. (2009) takes a 

more widespread approach to verification and compares a much larger sample of 

verification techniques than Gallus (2010) and categorizes these methods into four 

categories: (1) neighborhood (fuzzy), (2) scale separation, (3) feature/object based, and 

(4) field deformation. Methods reviewed included bias-corrected equitable threat score 

(BCETS), cluster analysis (CA), composite method (Composite), contiguous rain area 

(CRA), distributional method (DIST), forecast quality index (FQI), forecast quality 

measure-displacement amplitude score (FQM-DAS), fractions skill score (FSS), intensity 

scale (IS), image warping (IW), method for object-based diagnostic evaluation (MODE), 

multi-scale variability (MSV), neighborhood based methods (Neighborhood), cell 

identification and Procrustes shape analysis (Procrustes), multi-scale cell identification 

Procrustes shape analysis (Procrustes2), point-based comparison (Traditional), variogram 

(VGM), and structure, amplitude, and location (SAL) (Gilleland et al. 2009). Generally 

speaking (in terms of which of the four categories should be used) it was found that 

different methods provide more accurate information than others based on the 

verification question you are asking. For example, when determining location, intensity, 

or distribution error features-based and field deformation methods most often provide the 

most useful statistics. Regarding scale and structural errors it was found that most 
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methods studied could be adjusted to provide information, however, no group of methods 

could be selected as the most useful. 

 

2.3.2 Procrustes Shape Analysis 

 More recently a more detailed shape analysis method of verification known as the 

Procrustes verification scheme was introduced which extends the work done by Ebert and 

McBride (2000) and breaks down forecast error components into rotation, propagation, 

dilation, shape, and intensity errors.   In addition to this decomposition of error Procrustes 

also allows for as many identified cells using a given threshold to exist as can be found in 

both the truth (observed) and forecast images; therefore, another component of error is 

identified in how well the forecast predicts the number of cells, as well as their birth and 

decay.  As such, Procrustes serves as a more advanced verification method than previous 

methods, such as pixel-by-pixel comparison, thus allowing forecasters to observe error in 

identified objects instead of an overall image approach (Micheas et al. 2007). 

 Procrustes verification works by first identifying cells in the truth and forecast 

images based on a size and intensity threshold determined by the user.  Following 

identification, cells in the forecast image are then matched up with those in the truth 

image by taking into account how close the cells are to each other and their boundary 

coordinates.  This allows for cells to be matched on a location, dilation, and rotational 

basis giving the most accurate match possible.  Not all forecasts give the correct number 

of cells and, as such, the forecast is attributed an error value based on how many 

extra/missing cells exist while any extra, non-matched cells are treated as separate objects 

from the the forecast (Micheas et al. 2007). 
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 Evaluating and extracting shape and intensity errors between forecast and actual 

(truth) images is the overall goal of the Procrustes verification scheme; thus, after each 

cell has been identified and matched, shape verification must be done on each cell.  

Procrustes accomplishes this by identifying the centroid of each cell and creating a 

geometric representation by drawing vectors out to various points on the cell, the number 

of which can be varied by the user.  This is known as the “Procrustes fit” and is the shape 

used to compare forecast and truth cells to get error values (Lack et al. 2010). 

 To determine how well the fit of each identified cell performed an identification 

array containing the centroid, minimum intensity, maximum intensity, mean intensity, and 

bounding landmarks is created which allows for a reduction in the amount of data 

required to analyze error results so the program can be used in near real-time (Lack et al. 

2010).  Once these analysis arrays are created the full Procrustes fit is applied to each of 

the identified matching forecast and truth objects a penalty function is created using the 

equation (Micheas et al. 2007): 

D = RSS + SSAVG + SSMIN + SSMAX (2.1) 

Within this function the residual sum of squares (RSS), sum of squares (SS) of the 

average intensity (SSAVG), minimum intensity (SSMIN), and maximum intensity (SSMAX) 

are represented.  These penalty functions between each cell are then minimized and 

summed for all matches within a given forecast and truth image to produce an overall 

value with the lowest total penalty (D) providing the best forecast (Lack et al. 2010). 

 Following further study Lack et al. (2010) found that there was room for 

improvement to the above algorithm which included adding more information on 
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translation, rotation, and dilation error components as well as the ability to weight certain 

components of error on a user defined basis which led to a modification of the equation: 

D = w1RSE0.5 + w2SEAVG + w3SEMAX + w4SEMIN +         (2.2) 

w5100(1-SED) + w6100(SER) + w7SET
0.5 

This new version of the total penalty function adds in residual square error (SE), dilation, 

rotation, and translation error components as well as the ability to weight their 

significance to help forecasters focus on specific components of error.  In addition, this 

new algorithm assures that each forecast object is matched to only one truth object which 

provides the ability to pull out hit, miss, and false alarm statistics.  These are not the same 

as traditional probability of detection and critical success index statistics however; a hit is 

simply whether a truth object is matched to the lowest cost forecast object, a miss occurs 

when multiple truth objects are tied to the same forecast object, and a false alarm is when 

a forecast object is not matched to a truth object. 

 Overall, the ability of Procrustes shape matching to identify and match cells and 

provide statistics based on various components of error represents a step forward for the 

field of forecast verification.  Using a shape matching verification method as opposed to 

to centroid matching allows the user to gather more detailed information on how a 

forecast can be improved based on the type and purpose of the forecast.  Breaking down 

the components on a cell by cell basis and then finding the sum of the errors not only 

provides a more accurate representation of the skill of the forecast, but also allows for 

more detailed analysis of the components of the system without the need for multiple 
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verification schemes to be run at once; thus, the application of PSAV in a near real-time 

environment can be achieved.
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Chapter 3 – Methodology 

 

3.1 Data 

 Data for this project was sourced from the NCDC’s Hierarchical Data Storage 

System as level II radar data from the NEXRAD radar network.  Four categories of 

events were chosen for study: (1) supercells, (2) linear systems, (3), multicell systems, 

and (4) other (isolated and pop up thunderstorms).  These cases were selected using a 

combination of the Storm Prediction Center storm reports archive and UCAR’s image 

archive.  Classification of these events was done through a qualitative analysis primarily 

based on the geometry and intensity of each case.  As with any subject, sub-categories 

could be used to narrow down the results from this case, a process to be used in future 

cases, however for the purposes of this process the four broader categories chosen wee 

deemed sufficient.  Thirteen events were chosen from across the United States during 

2014 and 2015 so as to have access to upgraded dual-polarized radar from the full WSR-

88D network.  See table 3.1 below for time, location, and category descriptions of each 

case. 
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Case Radar Date 
Time 

(UTC) 
Category 

1 KLZK April 28, 2014 003339 z Supercell 

2 KIND June 24, 2014 183334 z Supercell 

3 KEAX September 18, 2015 231752 z Supercell 

4 KLZK October 3, 2014 004640 z Linear 

5 KINX April 13, 2014 232853 z Linear 

6 KIND February 21, 2014 021643 z Linear 

7 KHTX February 21, 2014 051607 z Linear 

8 KFFC October 13, 2014 063832 z Multicell 

9 KGSP June 9, 2014 212550 z Multicell 

10 KTWX September 7, 2015 232428 z Multicell 

11 KIWA October 19, 2014 233938 z Other 

12 KIWA July 4, 2014 022727 z Other 

13 KLCH August 21, 2015 165952 z Other 

 

Table 3.1:  Case List 

 

 

3.2 Data Processing 

 The Warning Decision Support System – Integrated Information (WDSS-II) 

discussed in section 2.2.1 was used as data processing software due to its ability to 

process level II NEXRAD data as well as its ability to create nowcasts based off of that 

data.  Data was received in one-hour time blocks from the HDSS and thus needed to be 

uncompressed to allow processing at small enough time intervals for the nowcasting 

process to work properly and allow it to provide useful information.  With the data 

uncompressed, the processing command “ldm2netcdf” was run in WDSS-II which 

converted the data to the netcdf format and created folders for reflectivity, aliased 

velocity, ZDR, ФDP, ρHV, and spectrum width. Following the conversion to netcdf, velocity 

data was then de-aliased using the WDSS-II command “dealias2d “to remove folding 
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from the velocity data so circulation products could be run on the data with a higher 

degree of accuracy using the command “w2circ”.  After circulation products were 

created, quality-controlled dual-polarized parameters were further processed using 

“w2dp_prproc”. 

 Once the necessary products were created, the procedure “w2merger” was carried 

out on each of the relevant products – reflectivity, differential reflectivity, and specific 

differential phase.  Merging the data was done to convert it into a Cartesian grid format 

which allowed further processing and verification in MATLAB on a 256 x 256 km grid.   

 

3.2.1 Nowcasting 

 As mentioned above, WDSS-II was used as our nowcasting software, a process 

which can be carried out through the “w2segmotionll” command.  Multiple parameters 

can be changed when using this command including upper and lower threshold values, 

the variable being nowcasted, growth rate, kernel size, time over which the forecast is 

created, and the spacing between forecast output images.  For the purposes of this work, 

each forecast was set up to give forecast images starting at ten minutes from the truth 

image all the way out to sixty minutes from the truth image, given in ten minute intervals.  

The focus was on the twenty-minute forecast using CAPPI's at the 1 km level.  This 

choice was made due to the original desire to also nowcast cross-correlation coefficient 

with the hope to lead into future research creating a new tornado detection algorithm and 

time constraints which prevented each forecast interval from being fully vetted. 

 Since little research had been done into using WDSS-II to nowcast dual-polarized 

radar parameters, the main focus of this part of the project was on determining 
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appropriate bands of differential reflectivity, specific differential phase, and reflectivity 

by adjusting the upper and lower threshold values for the nowcasting algorithm.  A wide 

range of threshold values was chosen for each of the variables using the NOAA Warning 

Decision Training guides for each product. The reasoning behind using this guide was to 

choose threshold values which would be more targeted to certain hydrometeor types that 

could lead into future research combining the various forecasts to forecast significant 

structures such as hail cores and mesocyclones within strong convective storms.  As such, 

bands are based on the principle that each band should be targeted towards a specific 

hydrometeor type.  In the end, each of the three products had nowcasts created using six 

different bands described in table 3.2 below.  Once each nowcast was created, a time of 

interest was identified for each case which was determined by looking for the time of 

peak reflectivity within the storm.  These time steps were then processed into MATLAB, 

plotted, and the workspaces were saved to that they could be compared in the Procrustes 

verification program. 

 

 Nowcast Band 

Product(down) 

Band (Across) 

1 2 3 4 5 6 

Reflectivity 

(dBZ) 

20-40 20-60 30-50 30-60 40-60 40-70 

Differential 

Reflectivity 

(dB) 

0-2 1-3 2-3 2-4 -1-1 -2-0 

Specific 

Differential 

Phase 

(deg/km) 

0-1 1-3 2-3 2-4 3-5 -1-0 

 

Table 3.2 – Nowcasting Threshold Bands 
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3.2.2 Verification 

 Procrustes, as previously mentioned, was the method of verification for our 

forecasts.  The program works by comparing the forecast and truth field for a given case, 

identifying storm cells, finding matching cells, and outputting statistics including total 

penalty and mean square error of rotation, dilation, and translation.  Many other statistics 

are available through the program, but those previously mentioned were the focus of this 

research. 

 As with the WDSS-II nowcasting scheme, the version of Procrustes used has a 

number of parameters which can be varied.  Parameter threshold, number of angles, and 

cell identification threshold were all varied in some fashion for each case with the various 

thresholds described in the table below.  The number of angles was varied in the same 

way for each case and threshold using 30, 40, and 50 angles while the cell identification 

threshold only varied based on event category; either 100 km2 cells for supercells and 

linear systems, or 49 km2 cells for multicell and other cases – 100 km2 being the default 

for the program.  A newer version of PSAV is available which identifies regions based on 

a setting specifying cell, segment, or cluster as opposed to using a set cell size; however, 

it was found during the testing phase that this version of the program did not function 

well with the data being used so the other version was chosen for this project.  Overall, 

each threshold band was verified nine times (six for specific differential phase), using 

each of the three parameter threshold values in combination with each number of angle 

choice.  Statistics returned for each run were exported into Microsoft Excel and 

summarized so as to be able to determine the best threshold band for each case type and 
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which verification combination produced the most useful results for each storm type and 

nowcast band. 

 

 

Threshold Value (Across) 

Product (Down) 
Threshold 1 Threshold 2 Threshold 3 

Reflectivity 30 dBZ 35 dBZ 40 dBZ 

Differential Reflectivity 1 dB 1.5 dB 2 dB 

Specific Differential Phase 0.25  deg/km 1 deg/km n/a 

 

Table 3.3 – Verification Threshold Values 
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Chapter 4: Case Study of the April 28th, 2014 Little Rock, AR Supercell 

 

4.1 Background 

 One of the most highly publicized cases in this study, the supercell which 

occurred in Little Rock, Arkansas between April 27th and 28th, 2014 was the first case 

chosen; thus, all of the testing and methodology was determined using this case. This 

case was chosen primarily due to its strength and duration as well as its well defined 

supercell structure which made it the ideal case to determine a methodology which would 

be easily applicable to the other cases used during this project. Looking through the storm 

reports for this system led to the identification of multiple tornadoes and numerous 

reports of hail in the area surrounding the Little Rock radar. This was the impetus for the 

initial idea to come up with a new tornado detection algorithm using nowcasted data 

rather than real time data used currently by most forecasters. In addition, these prominent 

meteorological features should be easily identifiable within the originally chosen nowcast 

fields: reflectivity, differential reflectivity, specific differential phase, and cross-

correlation coefficient.  

 

4.2 Data 

 Data for this case was sourced from the National Climate Data Center's 

Hierarchical Data Storage System (HDSS) in the form of level II NEXRAD data from the 

Little Rock, AR radar (KLZK) located at 34.8230 longitude and -92.2520 latitude. This 

event was part of a larger tornado outbreak occurring between the 27th and 30th of April, 
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2014; however, for the purposes of this project the time period of 2200 UTC April 27th to 

0300 UTC April 28th, 2014 was examined. During this period, a tornado causing EF4 

damage was reported around the period of 0000 UTC and 0040 UTC; thus, the time step 

003339 UTC was chosen as the closest available time for study. 

 

4.3 Data Processing 

 As mentioned previously, the Warning Decision Support System-Integrated 

Information was chosen as the data processing and nowcasting software for this project 

due to its ability to process, merge, and nowcast the data all within one package. To 

begin, the gathered level II data was uncompressed to open up processing at smaller 

intervals than the given one-hour time blocks. With the data uncompressed, the 

processing command "ldm2netcdf" was run in WDSS-II which converted the data to the 

netcdf format and created folders for reflectivity, aliased velocity, ZDR, ФDP, ρHV, and 

spectrum width. Following the conversion to netcdf, velocity data was then de-aliased 

using the WDSS-II command "dealias2d" to remove folding from the velocity data so 

circulation products could be run on the data with a higher degree of accuracy. 

 Circulation products were run using the command "w2circ" within the WDSS-II 

shell to create azimuthal shear and divergence products. After the circulation products 

were created, the command "w2dp_preproc" was run to create quality-controlled dual-

polarized products DSMZ (reflectivity), DZDR (differential reflectivity), DKDP (specific 

differential phase), and DRHO (cross-correlation coefficient). The final step of our pre-

processing was done using the command w2merger which converts the selected products 

onto a Cartesian grid so they can be viewed in other programs such as MATLAB. 
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4.3.1 Nowcasting 

 Quality-controlled versions of reflectivity, differential reflectivity, specific 

differential phase, and cross-correlation coefficient were chosen as our fields to be 

nowcasted through the use of the WDSS-II nowcasting algorithm" w2segmotionll". This 

tool works by calculating the storm track and intensity variations of identified cells in a 

given parameter field and then predicting how the cells will move and evolve over a set 

time period. It also allows for moderate alteration to each nowcast; the focus of this 

project being on changing the upper and lower threshold values used by WDSS-II to 

identify cells to track and forecast. Each of the variables mentioned above were run 

through this process with varying degrees of success. Reflectivity, differential 

reflectivity, and specific differential phase all ran through with six threshold bands: (1) 20 

to 40 dBZ, 20 to 60 dBZ, 30 to 50 dBZ, 30 to 60 dBZ, 40 to 60 dBZ, and 40 to 70 dBZ 

for reflectivity, (2) 0 to 2 dB, 1 to 3 dB, 2 to 3 dB, 2 to 4 dB, -1 to 1 dB, and -2 to 0 dB 

for differential reflectivity, and (3) 0 to 1 deg/km, 1 to 3 deg/km, 2 to 3 deg/km, 2 to 4 

deg/km, 3 to 5 deg/km, and -1 to 0 deg/km for specific differential phase. This process 

created nowcasts with ten-minute lead times starting with 10 minutes out going through 

60 minutes out, but for our purposes only the 20-minute nowcasts were examined. 

A problem was encountered when trying to create nowcasts using cross-correlation 

coefficient as the projected variable. Multiple upper and lower threshold bands were 

attempted, but none were able to be fully processed through the nowcasting algorithm. 

Eventually, it was discovered that the tool "w2segmotionll" was only designed to create 

nowcasts of integer values and as cross-correlation coefficient is almost exclusively a 

non-integer value (excluding periods of 0 or 1). Although WDSS-II does have an option 
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to scale data, after many trials it was found not to be applicable to this process; thus, the 

decision was made not to use cross-correlation coefficient. 

 

4.3.2 Verification 

 Once nowcasting was complete for each of the desired fields, verification was 

done using the Procrustes shape analysis program. Verification using this method 

involves matching the shape, size, location, rotation, and intensity of identified cells in 

the prediction and truth fields of the parameter in question. A total penalty score is 

calculated through the equation: 

 

D = w1RSE0.5 + w2SEAVG + w3SEMAX + w4SEMIN +         (4.1) 

w5100(1-SED) + w6100(SER) + w7SET
0.5 

This equation states that the total penalty score is the sum of errors due to 

matching in intensity, translation, rotation, and dilation of the truth and forecasted cells. 

There is also a weighting term on each parameter of the equation which allows the user to 

weight the penalty of one or more error terms depending on what they deem important to 

the forecast (Lack et al. 2010). When setting up Procrustes there are two parameters 

which may be varied: threshold and number of angles. The weighting factor, w, could 

also be varied; however, this analysis was not done for this project.  Altering the 

threshold value allows a user to determine what regions of the cells are being focused on. 

For example, setting the threshold value to 40 dBZ when verifying a reflectivity field 

would allow for the program to verify locations of hail within a storm while keeping the 
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run time down by eliminating other values. Threshold values used for each parameter are 

detailed in table 4.1 below. Changing the number of angles allows Procrustes to better 

analyze the shape of identified cells in the field of interest, however, increasing the 

number of angles increases the run time of the program which means that there is a 

threshold wherein having too many angles will slow down the program too much for 

operational use, particularly when verifying nowcasts with 20-minute lead times. For this 

examination, the number of angles used were 30, 40, and 50. 

 

Parameter Threshold 1 Threshold 2 Threshold 3 

Reflectivity (Z) 30 35 40 

Differential Reflectivity (ZDR) 1.5 dB 2 dB 2.5 dB 

Specific Differential Phase 

(KDP) 

0.25 deg/km 1 deg/km N/A 

 

Table 4.1: Threshold values for Procrustes verification of the April 28th, 2014 Little 

Rock, AR supercell. 

 

 

4.4 Results 

 

During this case study three subjects were studied: (1) a qualitative comparison of the 

difference between quality-controlled images produced by WDSS-II and non-quality-

controlled images, (2) an examination of which nowcast bands for each parameter would 

work best, and (3) the ideal Procrustes setup for this case. 
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4.4.1 Quality-controlled vs. Non-Quality-controlled 

 The following are comparisons between: (1) Reflectivity and DSMZ, and (2) 

Differential Reflectivity and DZDR. These comparisons were done in an attempt to better 

understand how the WDSS-II quality control process works and to determine whether or 

not the quality-controlled versions of each parameter should be used throughout the 

project. 

 

4.4.1.1 Reflectivity vs. DSMZ 

 A comparison of reflectivity and quality-controlled-reflectivity, Figures 4.1 and 

4.2 respectively, showed very similar values, however, quality-controlled reflectivity 

returned slightly different values in the most intense regions of the storm. In these 

regions, the quality-controlled reflectivity produced higher values than reflectivity. It is 

possible that the quality control process caused this increase by eliminating some of the 

lower values from the areas of heaviest precipitation which would return lower than 

expected values for a storm of this type, or that the algorithm is over-correcting for 

possible signal attenuation. 
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Figure 4.1: Reflectivity (dBZ) at 003339 UTC on April 28th, 2014 in Little Rock, AR from 

radar KLZK 

 

Figure 4.2: Quality-controlled reflectivity (dBZ), DSMZ, at 003339 UTC on April 28th, 

2014 in Little Rock, AR from radar KLZK 
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4.4.1.2 ZDR vs. DZDR 

 Figures 4.3 and 4.4 show differential reflectivity (ZDR) and quality-controlled 

reflectivity (DZDR). Both variables show similar results to those found in reflectivity and 

ρHV values wherein both the quality-controlled and non-quality-controlled outputs are 

very similar. Both images show significant non-meteorological returns near the radar and 

near the hook echo as well as similar intensities throughout the spatial extent of the 

storm. 

 

Figure 4.3: Differential Reflectivity (dB) at 003339 UTC on April 28th, 2014 in Little 

Rock, AR from radar KLZK 
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Figure 4.4: Quality-controlled Differential Reflectivity (dB), DZDR, at 003339 UTC on 

April 28th, 2014 in Little Rock, AR from radar KLZK 

 

 

 

4.4.2 Nowcast and Verification Results 

Results from the nowcasting and verification processes will be discussed in depth 

beginning with which nowcast band works best for each parameter based on which set of 

thresholds produce the lowest total penalty results using a constant verification setup of 

thirty angles and threshold values of 30 dBZ, 1 dB, and 0.25 deg/km for reflectivity, 

differential reflectivity, and specific differential phase respectively. These verification 

setups were chosen because, across all thirteen cases, they are the only ones which ran 

through the Procrustes verification software consistently and, therefore, provide the best 

base with which to compare nowcast bands. Results are also present for translation, 

rotation, dilation, and intensity error present so there will be a breakdown of which band 
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should be used to present the best result relating to each type of error. This breakdown is 

important because not all forecasters are looking for the same value in their forecast. For 

example, an aviation forecaster would be most concerned with forecasting position and 

orientation of a storm while someone forecasting severe weather warnings for a city 

would be most concerned with intensity and location; thus, if a certain threshold band 

produces better results for one type of error it should be stated and studied further to 

improve accuracy in real life situations. As well as the best nowcast band, the most useful 

Procrustes verification setup was chosen.  This was done by finding the configuration 

with the widest range of values so as to allow for greater comparison between forecasts.  

Note that for translation, rotation, dilation, and intensity errors the values are cell 

averages rather than individual values. Full results and Figures showing truth and forecast 

images can be found following each results section. 

 

 

4.4.2.1 Reflectivity Results 

 Overall, results from the nowcasting and verification process appear give a 

number of useful results relating to which band to use for different error types.  The 

question of which nowcast band to use as determined by the total penalty results is 

answered with the 40 to 60 dBZ band, although the 20 to 40 dBZ band was close at an 

error value of 288.9, only 10.1 over the 278.8 of the 40 to 60 dBZ band.  The rest of the 

threshold bands were had total penalty values close to double that of the selected bands 

suggesting that they are not ideal for a storm of this type.  Translation and rotation error 

tell a similar story with both the 20 to 40 dBZ and 40 to 60 dBZ being the best options; 
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however, the 20 to 40 dBZ band performed slightly better for Translation error.  

Differences to the other bands with respect to error values is also much greater for these 

statistics with translation error being approximately three times less than the worst bands 

and rotation error being an order of magnitude smaller than the non-selected threshold 

ranges.  Dilation error shows closer values with a range from 0.6101 as the largest error 

for the 40 to 60 dBZ band and 0.2240 for the 40 to 70 dBZ band.  A notable result comes 

in the form of intensity error with the lowest value belonging to the 40 to 60 dBZ band 

which has a value of 0.3463 which is less than four times that of the second lowest error 

value of 1.671 belonging to the 30 to 50 dBZ band.   

 Verification setups were greatly varied for reflectivity – no angle number or 

threshold value was suggested more than three times, and only two statistics gave the 

same setup result.  The most notable results from this part of the study were in the range 

results.  Translation error showed the widest range of values followed by total penalty.  

This is believed to be at least in part due to the magnitude of the error values present, but 

also suggests that translation was the most varied component of error as far as set up was 

concerned which is in agreement with the nowcast translation values also holding the 

highest error values. 
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Figure 4.5: 20 to 40 dBZ Nowcast Figure 4.6: 20 to 60 dBZ Nowcast 
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Figure 4.9: 40 to 60 dBZ Nowcast Figure 4.10: 40 to 70 dBZ Nowcast 

Figure 4.8: 30 to 60 dBZ Nowcast Figure 4.7: 30 to 50 dBZ Nowcast 
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 Nowcast Band 

Error Type 20 to 40 

dBZ 

20 to 60 

dBZ 

30 to 50 

dBZ 

30 to 60 

dBZ 

40 to 60 

dBZ 

40 to 70 

dBZ 

Total 

Penalty 

288.9 

 

569.6 

 

548.4 

 

606.8 

 

278.8 

 

640.7 

 

Translation 343.4 

 

1110 

 

1274 

 

1230 

 

369.6 

 

1169 

 

Rotation 0.0650 

 

0.5866 

 

0.5944 

 

0.5461 

 

0.0498 

 

0.5596 

 

Dilation 0.5720 

 

0.2308 

 

0.2768 

 

0.26747 

 

0.6101 

 

0.2240 

 

Intensity 4.513 

 

1.829 

 

1.671 1.982 

 

0.3463 

 

2.029 

 

 

Table 4.2: Reflectivity nowcast results by threshold band and error component 

 

 

 

 

Figure 4.11: Truth Image 
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Error Component Procrustes Setup (number 

of angles, threshold in 

dBZ) 

Error Range 

Total Penalty 30, 30 362.9 

Translation 50, 30 942.1 

Rotation 40, 40 0.6420 

Dilation 30, 40 1.659 

Intensity 30, 30 4.167 

 

Table 4.3: Best Procrustes setups by error component, chosen by widest value range  

for Reflectivity. 

 

4.4.2.2 Differential Reflectivity Results 

 As with reflectivity, differential reflectivity results showed the highest error 

values when analyzing total penalty and translation errors with translation edging out 

total penalty for the highest value in each band minus the 1 to 3 dB range.  Total penalty 

values show the -2 to 0 dB band as the most accurate overall forecast while the best 

forecast in regards to the other large value, translation, goes to the 2 to 3 dB threshold 

band.  Unlike with reflectivity, both total penalty and translation errors show a closer 

grouping of values, particularly with translation wherein the lowest value is less than 

double the highest.  The best band for nowcasting when focused on cell rotation is 2 to 4 

dB which is close to an order of magnitude smaller than the worst performing threshold 

range.  Dilation error is best at the -1 to 1 dB threshold band while intensity error is 

lowest at the 0 to 2 dB band.  Interestingly there are no overlapping bands indicated by 

this case which would be suitable for a forecaster looking to minimize multiple error 

components; thus, it is put forth that for a system of this type total penalty should be 

chosen unless a specific aspect of the forecast is being studied. 
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 Results for verification setups were more promising with differential reflectivity 

than either Z or KDP.  A single threshold was selected by each component of error at 1 dB 

and three components performed best at 50 angles.  These three components were total 

penalty, translation, and rotation error while the two components that do not share the 

number of angles, dilation and intensity, both suggest 30 angles.  Overall, it is suggested 

that for a storm similar to the one examined here a Procrustes verification setup should 

use fifty angles and a threshold value of 1 dB. 

 

 

 

 

 

 

  

Figure 4.12: 0 to 2 dB Nowcast Figure 4.13: 1 to 3 dB Nowcast 
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Figure 4.14: 2 to 3 dB Nowcast Figure 4.15: 2 to 4 dB Nowcast 

Figure 4.16: -1 to 1 dB Nowcast Figure 4.17: -2 to 0 dB Nowcast 
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 Nowcast Band 

Error Type 0 to 2 dB 1 to 3 dB 2 to 3 dB 2 to 4 dB -1 to 1 dB -2 to 0 dB 

Total 

Penalty 

617.5 

 

1068 

 

614.2 

 

561.6 961.8 

 

520.0 

 

Translation 687.3 

 

964.6 

 

1177 

 

866.6 

 

1650 

 

1113 

 

Rotation 0.0902 

 

0.1176 

 

0.0926 

 

0.0885 

 

0.8044 

 

0.0989 

Dilation 0.7164 

 

0.4254 

 

0.9168 0.7976 0.3120 

 

0.8743 

 

Intensity 0.4686 

 

0.6385 0.5789 

 

0.5788 

 

0.9544 0.5806 

 

 

Table 4.4: Differential Reflectivity nowcast results by threshold band and error  

     component. 

 
Figure 4.18: Truth Image 
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Error Component Procrustes Setup (number 

of angles, threshold in dB) 

Error Range 

Total Penalty 50, 1 645.5 

Translation 50, 1 1096 

Rotation 50, 1 0.7234 

Dilation 30, 1 0.6048 

Intensity 30, 1 0.4858 

 

Table 4.5: Best Procrustes setups by error component, chosen by widest value range  

for Differential Reflectivity. 

 

 

 

 

4.4.2.3 Specific Differential Phase Results 

 Specific Differential phase results are most similar to reflectivity with three 

components of error in alignment on which nowcast band should be used.  That band is 

the -1 to 0 deg/km band and was selected for total penalty, translation, and rotation error 

components.  However, total penalty results are closer with KDP than with either Z or 

ZDR, the range of with a value of only 52.5 between the lowest and highest score. 

Rotation and Intensity errors are similar with only a small gap between the best and worst 

performing threshold bands.  Dilation and Translation errors both show the same trend 

seen in most components of error from reflectivity and differential reflectivity with a 

noticeable difference between high and low results.  Dilation and intensity are also the 

only components of error that perform best at threshold bands not in agreement with total 
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penalty; dilation performs best at the 0 to 1 deg/km band while intensity results are the 

lowest for 1 to 3 deg/km. 

 Similar to ZDR, there is a fair amount of agreement between each error component 

on what setup to use.  Out of the five values studied, only total penalty performs best 

using 40 angles while all other bands show their widest ranges at 30 angles.  There is less 

agreement on a set threshold value – total penalty and dilation suggest 0.25 deg/km while 

all other components perform better at 1 deg/km.  With three components in agreement 

on both number of angles and threshold value (30 angles and 1 deg/km) this threshold is 

suggested for use on future cases like the one under study, although more research is 

recommended. 
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Figure 4.19: 0 to 1 deg/km Nowcast Figure 4.20: 1 to 3 deg/km Nowcast 

Figure 4.21: 2 to 3 deg/km Nowcast Figure 4.22: 2 to 4 deg/km Nowcast 
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Figure 4.23: 3 to 5 deg/km Nowcast Figure 4.24: -1 to 0 deg/km Nowcast 

Figure 4.25: Truth Image 
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 Nowcast Band 

Error Type 0 to 1 

deg/km 

1 to 3 

deg/km 

2 to 3 

deg/km 

2 to 4 

deg/km 

3 to 5 

deg/km 

-1 to 0 

deg/km 

Total 

Penalty 

364.2 358.3 

 

350.7 

 

350.7 

 

356.2 

 

311.7 

 

Translation 315.6 

 

247.0 

 

133.0 133.0 201.87 

 

87.42 

 

Rotation 0.0126 

 

0.0179 0.0125 

 

0.0125 

 

0.0126 

 

0.0110 

 

Dilation 0.0193 1.064 1.058 

 

1.058 

 

0.9559 

 

0.7222 

Intensity 0.0193 

 

0.0141 

 

0.0301 

 

0.0301 

 

0.0301 

 

0.0245 

 

 

Table 4.6: Specific Differential Phase nowcast results by threshold band and error  

        component 

 

 

Error Component Procrustes Setup (number 

of angles, threshold in 

deg/km) 

Error Range 

Total Penalty 40, 0.25 134.4 

Translation 30, 1 326.7 

Rotation 30, 1 0.6516 

Dilation 30, 0.25 1.045 

Intensity 30, 1 7.168 

 

Figure 4.7: Best Procrustes setups by error component, chosen by widest value range  

for Specific Differential Phase. 
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4.5 Summary 

 

An in depth study of the April 28th, 2014 supercell event in Little Rock, Arkansas 

was carried out to determine how the rest of the cases for this study should be handled. 

Data was downloaded from the NCDC Hierarchical Data Storage System in the form of 

NEXRAD level II radar data from the KLZK radar located in Little Rock, Arkansas for 

the time period of 2200 UTC April 27th through 0300 UTC April 30th, 2014. The data 

was then processed using the Warning Decision Support System – Integrated Information 

to format it for viewing in MATLAB where a comparison between quality-controlled 

reflectivity, differential reflectivity, and specific differential phase and non-quality-

controlled versions of the same parameters was carried out. Once it was determined that 

the quality-controlled variables produced better results, forecasts of each variable were 

created through the WDSS-II nowcasting algorithm. Using this algorithm, six nowcasts 

of each variable were created using different upper and lower threshold bands. Following 

this, the nowcasts were verified using the Procrustes shape analysis program using 

multiple threshold values and different numbers of angles to determine not only the best 

choice in upper and lower threshold values, but the best setup for the Procrustes program 

when verifying other, similar storms. 

A common Procrustes verification setup using 30 angles with thresholds of 30 

dBZ, 1 dB, and 0.25 deg/km for Z, ZDR, and KDP, respectively, was selected to determine 

the best nowcast band to use for each variable based on the lowest total penalty score. It 

was determined that the best nowcast band for: (1) reflectivity was 40 to 60 dBZ, (2) 

differential reflectivity was -2 to 0 dB, and (3) specific differential phase was -1 to 0 

deg/km. When broken down into components of error, no one threshold band for any of 
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the selected parameters was dominant, but using more cases could show more of an 

agreement.  Only ZDR had a common verification setup that could be soundly determined, 

while each of the other parameters require further investigation. 

As a whole, this case serves as a good starting point for research into nowcasting 

dual-polarized radar variables and verifying those forecasts using the Procrustes shape 

analysis program.  For very similar events, the nowcast bands and verification setups 

suggested through this research may prove useful, but to gain a more complete 

understanding of the process and to find preferred setups for future forecasters many 

more cases should be investigated.  Following the methodology and analysis outlined in 

this case study, twelve more cases of varying storm classifications will be examined with 

the intention of furthering the results presented in this chapter. 
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Chapter 5: Analysis and Results 

 

5.1 Performance of WDSS-II and Procrustes with Dual Polarized Variables 

 The primary objectives of this study were to test whether or not WDSS-II would 

create nowcasts of dual-polarized radar parameters and if Procrustes would be able to 

successfully verify those nowcasts.  Originally, the parameters to be tested included KDP, 

ZDR, Z, and cross-correlation coefficient (ρHV).  As mentioned previously, only runs for 

Z, ZDR, and KDP were carried out in full for each of the thirteen chosen cases.  When 

determining the viability of using each of the above parameters through a more thorough 

analysis of the April 28th, 2014 supercell case in Little Rock, AR, ρHV was also tested; 

however, it was found during this process that the WDSS-II nowcasting scheme, 

“w2segmotionll”, only processes threshold values that are integers which makes the 

forecasting of cross-correlation coefficient using the current build of WDSS-II, a value 

always between 0 and 1, an un-achievable process until a workaround is created.  Thus, 

ρHV was dropped as a potential parameter for this project and will be set aside for future 

study once this problem can be overcome. 

 On the other hand, the other variables all processed through WDSS-II with 

relative smoothness.  Lacking the ability to use fractional threshold values for KDP, and 

ZDR did affect the bands which were used, nevertheless, both parameters have wide 

enough ranges that integer thresholds could be used to obtain forecast fields that still 

made sense objectively when used by a forecaster.  Reflectivity values were unaffected 

by this fact and were run on fairly standard threshold bands outlined in the methodology 

section. 
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 As far as verification with Procrustes was concerned, there were fewer issues 

involved than with the nowcasting process.  Each of the three variables were able to be 

verified, although it was found during the initial testing phase that to come up with a set 

of threshold values which could be used across each case in the study there was a very 

small band of values that was applicable. Primarily, this is believed to be due to the fact 

that there are four widely varying case types present in this study which could benefit 

from a more tailored set of threshold values.  However, for the purposes of this feasibility 

study, it was determined that a common set of threshold values should be chosen.  Even 

with a limited variety of bands to work with for ZDR and KDP (reflectivity did not share 

this issue), a bright note was present in the form of the Procrustes verification scheme 

being able to verify non-integer threshold values; thus, paving the way for more detailed 

verification in the future when looking for and determining how well specific objects 

within a storm could be nowcasted and verified.  

 One other major issue was found during the verification process in the form of 

how large the cell identification area would be.  Initially the same methodology was 

applied to the size parameter as was to threshold determination, but while verifying cases 

with much smaller cells (e.g. multi-cell events) it was found that certain nowcasts were 

unable to be verified for KDP, and ZDR.  Therefore, after further analysis, it was 

determined that supercell and linear cases would have their cells identified using 

minimum of 100 km2 while multi-cell and other cases a 49 km2 grid.  These may seem to 

be arbitrary values, but during the determination phase for cell size it was found that 

anything lower than either parameter for each case type would do one of two things: (1) 

many more cells would be identified in the nowcast field than the truth field, or (2) the 
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software would be slowed significantly by an increased number of calculations creating a 

significant time lag to obtain results which would make it much less useful when 

forecasting in real time. 

 

5.2 Results 

 Four case types were chosen for this study: (1) supercells, (2) linear systems, (3) 

multi-cell events, and (4) other less organized systems.  Each type of system under study 

had three cases chosen for analysis with linear systems having four.  As detailed in the 

methodology section, each case was run using six different threshold bands for each of 

the three chosen radar parameters.  To determine which band was the most effective for 

storm type and parameter, verification was performed on the nowcasts using the 

Procrustes Shape Analysis Verification (PSAV) software using three threshold values for 

Z, ZDR, and KDP.  As error components are decomposed into total penalty, translation, 

rotation, dilation, and intensity results will be broken down not only by storm type, but by 

which component of error had the lowest value.  Breaking down the error in this manner 

allows for a determination of which nowcast bands will work in various situations, as 

forecasting is not always about hit or miss; rather, it is about how well each component of 

the forecast performed.  In most situations, there was not a clear-cut choice among the 

forecast bands, but for the most part, there was generally some overlap of the best choices 

for each storm type/parameter.  Results are presented below and sectioned into storm type 

and radar parameter with a further breakdown of how each error component performed. 

Note that the locations presented are based on the radar which observed the system, not 

the precise location as many of the systems were large, and as they were being analyzed 
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as events rather than objects within events, specifying location beyond radar location 

would be too specific. Also of note, the time steps presented represent times close to the 

peak intensity for the storms, as well as times when most forecast objects were near the 

center of the radar viewing range so that the objects were not touching the edge of the 

domain, ideally, giving a more accurate nowcast/verification result.  

  As previously mentioned, the following results are broken down into storm type 

and parameter being examined.  Sections 5.3, 5.4, 5.5, and 5.6 are presented as results 

based on storm type by supercells, linear systems, multi-cell events, and other non-

categorized events respectively.  Further breakdowns in each section are: (1) the 

feasibility of creating dual-polarized nowcasts of a given storm type using WDSS-II, (2) 

which nowcast bands performed best based on the lowest total penalty score for each 

error component, and (3) which verification setup produced the most useful information, 

determined by which angle/threshold combination produced the widest range of error 

values.  Sub-sections 1 and 2 were both analyzed while holding the verification setup 

constant at 30 angles and threshold values of 30 dBZ, 1 dB, and 0.25 deg/km for 

reflectivity, differential reflectivity, and specific differential phase respectively.  

Represented in the tables for sub-section 1 are the error values correlated to the nowcast 

band with the lowest error values. 
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5.3 Supercells 

 Three supercell events were chosen for study: (1) April 28th, 2014 in Little Rock, 

AR at 003339 UTC, (2) September 18th, 2015 in Kansas City, MO at 231752 UTC, and 

(3) June 24th, 2014 in Indianapolis, IN at 183334 UTC.   Among these results, few 

general trends could be detected, but there are still some common features to be 

discussed.  

 

5.3.1 Supercells: Feasibility 

 To determine whether the dual-polarized nowcasts created using WDSS-II, would 

be useful without significant alteration to the WDSS-II nowcasting algorithm it was 

determined that the values gathered when determining the most useful nowcast band 

should be compared on a parameter by parameter basis.  The following tables 5.1, 5.2, 

and 5.3 show the values obtained during this analysis and show an overall similarity 

when looking at each component of error. 

 Because the error values for each band and case vary, as should be expected, a 

general usefulness can not be obtained simply by looking at the range of values; rather, 

the analysis was done based on whether Z, ZDR, and KDP values were of the same or 

similar orders of magnitude.  Following this procedure, it becomes clear that all three 

parameters performed in a relatively consistent manner with the overall values (total 

penalty) showing results commonly in the hundreds for most cases and variables.  

Generally speaking, the values for total penalty of Z and KDP were most similar ranging 

from 45.82 to 311.7; both the upper and lower values obtained were from KDP with all 

reflectivity values being contained within the range.  ZDR values were slightly higher 
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overall with a lower bound of 261.4 and an upper bound of 520.0 suggesting that other 

parameters within the WDSS-II nowcast algorithm should be varied before the process is 

put to use in real time.  Translation error was similar in that both Z and ZDR values were 

in the hundreds; however, it was shown that KDP translation errors were far lower with all 

cases returning results below 100.  

 For rotation, dilation, and intensity errors a common trend between Z and ZDR 

results showed most values on the order of 101 with few exceptions on the order of 10-1.  

Specific differential phase values for these error components tended to be slightly lower 

on the order of 10-2, but showed a wider range of results.  Overall, the similarity of most 

error components, total penalty being the most important, suggests that for supercell 

systems nowcasting Z, ZDR, and KDP with WDSS-II should be entirely possible. 

 

Reflectivity Best Nowcast Band by Case (dBZ) 

April 28, 2014 June 24, 2014 September 18, 2015 

Total Penalty 278.8 120.5 119.4 

 

Translation 343.4 515.6 350.0 

Rotation 0.5866 

 

0.0490 0.0957 

Dilation 0.2240 

 

0.8735 

 

0.6227 

 

Intensity 0.3463 

 

6.222 0.8196 

 

 

Table 5.1: Lowest error values for supercell reflectivity. 
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Differential 

Reflectivity 

Best Nowcast Band by Case (dB) 

April 28, 2014 June 24, 2014 September 18, 2015 

Total Penalty 520.0 261.4 

 

277.3 

Translation 687.3 853.0 

 

118.6 

Rotation 0.0885 0.4296 0.0759 

Dilation 0.3120 

 

1.163 

 

0.3680 

Intensity 0.5806 0.0468 0.8148 

 

 

Table 5.2: Lowest error values for supercell differential reflectivity. 

 

 

Specific 

Differential Phase 

Best Nowcast Band by Case (deg/km) 

April 28, 2014 June 24, 2014 September 18, 2015 

Total Penalty 311.7 123.6 45.82 

Translation 87.42 16.76 57.58 

Rotation 0.0110 0.0646 0.0482 

Dilation 0.0193 0.6807 1.113 

Intensity 0.2113 0.0103 0.0012 

 

Table 5.3: Lowest error values for supercell specific differential phase. 
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5.3.2 Supercells: Nowcast Band Selection 

 Reflectivity values (table 5.4) show agreement in all five components of error 

between cases one and two; agreement between all three cases occurs for translation error 

which leads to the conclusion that WDSS-II moves identified cells more accurately when 

a lower reflectivity threshold band is selected.  Most of the chosen nowcast bands suggest 

that a larger lower threshold and a larger upper threshold will produce the best nowcast, 

with 40 to 60 dBZ being the selected band for total penalty, rotation error, and intensity 

error.  A fourth component, dilation, also shows a lower threshold suggestion of 40 dBZ, 

but has a slightly higher upper threshold of 70 dBZ.  Of note is the fact that most of the 

agreement on nowcast bands comes from cases one and two which is also a trend when 

looking at differential reflectivity results.  This may suggest that cases one and two were 

similar in nature, with case three showing a different evolution of a supercell as it shows 

a trend of selecting the lower valued nowcast band thresholds (20 to 40 dBZ and 30 to 50 

dBZ were the only ones chosen for this case).   

 Differential reflectivity (table 5.5) results show a similar trend to reflectivity 

results in the fact that four out of five analyzed error components share selected nowcast 

bands between cases one and two.  However, both total penalty and dilation error both 

select nowcast bands which focus on negative values.  This is an interesting result, as 

these values do not tend to dominate over the positive values which generally indicate 

horizontally polarized hydrometeors over vertically polarized (negatively valued) 

hydrometeors.  It may be that, in the case of supercells, WDSS-II performs best when a 

much smaller area is identified as the cell to be nowcasted.  A conclusion that may be 

drawn from this observation is that perhaps when nowcasting ZDR with WDSS-II a 
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smaller cell identification size should be specified to improve the accuracy of the 

forecast. 

 Similarly, specific differential phase (table 5.6) shows a trend towards negative 

nowcast bands.  Total penalty and translation error both appear to give the best results 

when using the -1 to 0 deg/km band which, again, would generally be associated with a 

much smaller region of the identified cell than positive values; dilation and intensity 

errors also show agreement between cases one and two.  Notably, the total penalty and 

translation associations occur between cases one and three rather than the previous Z and 

ZDR agreements suggesting that cases one and three are most similar.  It is suspected, 

however, that this may be more in relation to the forecasted cell sizes than with the 

similarity between the events in this situation as KDP most often produces the smallest 

identifiable regions of the three parameters under investigation. 

 

 

Reflectivity 
Best Nowcast Band by Case (dBZ) 

April 28, 2014 June 24, 2014 September 18, 2015 

Total Penalty 40 to 60 40 to 60 20 to 40 

Translation 20 to 40 20 to 40 20 to 40 

Rotation 40 to 60 40 to 60 20 to 40 

Dilation 40 to 70 40 to 70 30 to 50 

Intensity 40 to 60 40 to 60 30 to 50 

 

Table 5.4: Reflectivity nowcast band selections for supercell cases. 
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Differential 

Reflectivity 

Best Nowcast Band by Case (dB) 

April 28, 2014 June 24, 2014 September 18, 2015 

Total Penalty -2 to 0 -2 to 0 0 to 2 

Translation 0 to 2 0 to 2 2 to 3 

Rotation 2 to 4 -1 to 1 -2 to 0 

Dilation -1 to 1 -1 to 1 1 to 3 

Intensity 0 to 2 0 to 2 2 to 4 

 

Table 5.5: Differential reflectivity nowcast band selections for supercell cases. 

 

 

Specific 

Differential Phase 

Best Nowcast Band by Case (deg/km) 

April 28, 2014 June 24, 2014 September 18, 2015 

Total Penalty -1 to 0 2 to 3 -1 to 0 

Translation -1 to 0 0 to 1 -1 to 0 

Rotation -1 to 0 2 to 3 0 to 1 

Dilation 0 to 1 0 to 1 -1 to 0 

Intensity 1 to 3 1 to 3 -1 to 0 

 

Table 5.6: Specific differential phase nowcast band selections for supercell cases. 

 

 

5.3.3 Supercells: Verification Setups 

 Verification setups in this section are not held constant as in the previous sections, 

thus allowing the determination of the best overall verification setup for each parameter 

and error component.  Values in tables 5.7, 5.8, and 5.9 represent the widest range of 

results for the given component. 

 For reflectivity values, there is an agreement between the three cases in that a 

setup of 30 angles should be used for determining total penalty while a threshold of 30 

dBZ works well for both total penalty and translation error.  There is also agreement 
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between the cases suggesting an angle value of 30 for intensity error work.  Differential 

reflectivity shows significant cohesion between all cases and error types in that a 

threshold of 1 dB is the best threshold when doing verification work with storms of this 

type.  There also seems to be a trend towards a higher angle value, either 40 or 50 angles, 

for most results, although not enough to determine a future setup with full confidence.  

Specific Differential phase results provide a number of partial verification setups across 

the parameters with significant agreement coming in the form of 30 angles being selected 

by all three cases for translation, rotation, and intensity errors while a threshold of 0.25 

deg/km is identified by all three cases for total penalty and dilation error.  As mentioned 

in the preceding sections, cell size seems to be a predominant factor in how well both 

nowcasts and verification setups perform.  As such, it is prudent that these results be 

analyzed much further in the future to see how the setups correspond to identified cell 

size. 

 

Reflectivity Procrustes Setup (number of angles, threshold in dBZ) 

April 28, 2014 June 24, 2014 September 18, 2015 

Total Penalty 30, 30 30, 30 30, 30 

Translation 50, 30 50, 30 30, 30 

Rotation 40, 40 40, 40 30, 30 

Dilation 30, 40 30, 40 50, 30 

Intensity 30, 30 30, 30 30, 35 

 

Table 5.7: Verification setup results for supercell reflectivity. 
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Differential 

Reflectivity 

Procrustes Setup (number of angles, threshold in dB) 

April 28, 2014 June 24, 2014 September 18, 2015 

Total Penalty 50, 1 50, 1 40, 1 

Translation 50, 1 50, 1 40, 1 

Rotation 50, 1 50, 1 50, 1 

Dilation 30, 1 30, 1 40, 1 

Intensity 30, 1 30, 1 40, 1 

 

Table 5.8: Verification setup results for supercell differential reflectivity. 

 

Specific 

Differential Phase 

Procrustes Setup (number of angles, threshold in deg/km) 

April 28, 2014 June 24, 2014 September 18, 2015 

Total Penalty 40, 0.25 40, 0.25 30, 0.25 

Translation 30, 1 30, 1 30, 0.25 

Rotation 30, 1 30, 1 40, 0.25 

Dilation 30, 0.25 30, 0.25 30, 0.25 

Intensity 30, 1 30, 1 30, 0.25 

 

Table 5.9: Verification setup results for supercell specific differential phase. 

 

 

5.4 Linear Systems 

 Four linear cases are represented in this study: (1) April 13th, 2014 in Tulsa, OK at 

232853 UTC, (2) February 21st, 2014 in Huntsville, AL at 051607 UTC, (3) October 3rd, 

2014 in Little Rock, AR at 004640 UTC, and (4) February 21st, 2014 in Indianapolis, IN 

at 021643 UTC.  Overall, results show more of a trend throughout the linear cases than 

with supercells, multi-cells, or other systems.  This result was unsurprising as the systems 

appeared to be much more similar than in the other case types when viewing the 

reflectivity images of these cases. 
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5.4.1 Linear Systems: Feasibility 

 The ability of WDSS-II to generate nowcasts of dual-polarized parameters was 

assessed in a similar manner to that of the supercell determination; an examination of the 

orders of magnitude of each error component was done as a comparison across each 

parameter.  Tables 5.10 through 5.12 present the data used to make this determination. 

 Total penalty values for all three parameters under study produced values of the 

same order of magnitude with only two exceptions. These occurred when analyzing 

specific differential phase which were one order of magnitude lower than the others, but 

only just.  Overall, KDP presented the lowest total penalty values while Z and ZDR had 

values which showed strong similarity. This is most likely due to very small areas of KDP 

above the 0.25 deg/km threshold; however, it can be inferred that nowcasts of this 

parameter are feasible.  

 Translation error and dilation error components also show agreement on orders of 

magnitude, with a wider range of values being present in translation throughout each of 

the three variables.  Dilation error, however similar, also exemplifies a reverse of the 

trend mentioned with total penalty wherein reflectivity and differential reflectivity both 

appear to have more accurate forecasts than specific differential phase.  Even with this 

difference, the variability in PSAV results for dilation error in this case still suggests that 

both ZDR and KDP nowcasts can be reliably created using WDSS-II when the subject of 

the forecast is storm cell size difference. 

 Rotation and intensity error components present the widest range of results across 

the studied variables, however in both cases values across at least two of the three 

parameters tend to be at least on or close to the same order of magnitude.  Rotation error 
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results for Z and KDP are similar in that many of the values come close to or exceed the 

lower limit of significant information based on the calculations done and as such many of 

the values are at or near zero.  Differential reflectivity penalty values are also small, but 

tend to be at least 1-2 orders of magnitude larger overall; therefore, the methodology of 

nowcasting ZDR using WDSS-II must be altered slightly in order to narrow forecast focus 

down to the rotation component.  Intensity error tends to yield the highest results for 

reflectivity and the lowest for KDP with multiple orders of magnitude between the two. 

This is likely a function of ZDR and KDP values being an order of magnitude lower than Z 

values as intensity error is dependent on parameter values.  A future correction for this 

may be to change the weighting values for the total penalty function when verifying ZDR 

and KDP nowcasts.    Differential reflectivity intensity errors are most similar to 

reflectivity and are in the same range of magnitudes, but tend to be slightly lower on a 

case-by-case basis.  This information suggests that WDSS-II handles forecast intensity 

for ZDR at least as well as with Z and perhaps with even greater accuracy when 

forecasting KDP. 
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Reflectivity Best Nowcast Band by Case (dBZ) 

October 3, 

2014 

April 13, 2014 February 21, 

2014 (KHTX) 

February 21, 2014 

(KIND) 

Total Penalty 643.9 

 

766.6 205.4 386.5 

 

Translation 862.2 

 

114.5 

 

5.940 263.3 

 

Rotation 0.0058 

 

0.0000 

 

0.0000 

 

0.0405 

 

Dilation 0.3383 0.4128 0.7901 0.7604 

Intensity 13.07 11.10 0.2125 

 

1.684 

 

Table 5.10: Lowest error values for linear system reflectivity. 

 

Differential 

Reflectivity 

Best Nowcast Band by Case (dB) 

October 3, 

2014 

April 13, 2014 February 21, 

2014 (KHTX) 

February 21, 2014 

(KIND) 

Total Penalty 383.1 

 

553.3 

 

407.6 

 

95.34 

 

Translation 813.6 

 

326.6 927.9 

 

490.6 

Rotation 0.0971 

 

0.2353 0.0729 

 

0.4054 

 

Dilation 0.3945 0.2487 0.2547 

 

0.5770 

Intensity 2.768 2.120 

 

0.0199 

 

0.0390 

 

Table 5.11: Lowest error values for linear system differential reflectivity. 
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Specific 

Differential 

Phase 

Best Nowcast Band by Case (deg/km) 

October 3, 

2014 

April 13, 2014 February 21, 

2014 (KHTX) 

February 21, 2014 

(KIND) 

Total Penalty 171.8 373.7 94.80 85.83 

Translation 1922 523.5 242.9 891.2 

Rotation 0.0015 

 

0.097 0.0002 0.2107 

Dilation 1.065 2.280 0.8541 1.069 

Intensity 0.0502 

 

0.0732 

 

0.0004 0.0991 

 

Table 5.12: Lowest error values for linear system specific differential phase. 

 

5.4.2 Linear Systems: Nowcast Band Selections 

 Strong agreement is present in reflectivity results (table 5.13) with all four cases 

selecting the 20 to 40 dBZ nowcast band, unsurprising as most cells large enough to be 

identified in linear systems are often dominated by this range of values.  Translation and 

rotation error components also present strong cases for certain threshold values to 

dominate; three cases are in alignment selecting 40 to 60 dBZ for translation and three 

cases suggest the same upper threshold value of 60 dBZ for rotation.  Dilation error also 

shows a trend towards a higher upper bound for nowcasting - all cases have upper 

threshold boundaries of either 60 or 70 dBZ.  Intensity error is the only component of the 

reflectivity results that does not seem to provide a clear answer, however upon 

examination of the bands being used, it appears that bands with fewer extreme threshold 

boundaries tend to perform best for this component of error. 



 72 

 Contrary to the trends shown with reflectivity, it appears that there is only a very 

small amount of agreement between the studied cases when observing differential 

reflectivity (table 5.14).  There is no overall agreement for any component of error, with 

total penalty and translation errors, the most consistent components for reflectivity, 

showing no agreement at all between the four cases under study.  Rotation, dilation, and 

intensity error components all have 2/4 cases in alignment, but this is not telling of a 

general trend in the data as they may simply be more similar cases overall. The largest 

amount of agreement for differential reflectivity is with rotation if one looks only at the 

upper threshold, which shows a trend of three cases selecting 3 dB as the best value. 

Smaller ZDR cell sizes as compared to Z may be contributing to this lack of coherence in 

the data, but further study is suggested. 

 Specific differential phase (table 5.15) also lacks in agreement on most 

components of error with cases one and three agreeing on total penalty and translation 

error performance being maximized at 1 to 3 dB, while cases one and four suggest a band 

of 0 to 1 dB for best intensity error performance.  However, as mentioned with ZDR 

results, two out of four cases is generally poor agreement and a useful band for any of the 

studied error components can not be chosen; this is also thought to be due to a smaller 

cell size throwing off the WDSS-II nowcasting algorithm which is set up primarily for 

use with radar reflectivity. 
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Reflectivity Best Nowcast Band by Case (dBZ) 

October 3, 

2014 

April 13, 2014 February 21, 

2014 (KHTX) 

February 21, 2014 

(KIND) 

Total Penalty 20 to 40 20 to 40 20 to 40 20 to 40 

Translation 40 to 60 20 to 40 40 to 60 40 to 60 

Rotation 30 to 50 40 to 60 40 to 60 20 to 60 

Dilation 40 to 70 20 to 60 40 to 70 20 to 60 

Intensity 30 to 60 30 to 50 30 to 50 20 to 40 

 

Table 5.13: Reflectivity nowcast band selections for linear systems. 

 

Differential 

Reflectivity 

Best Nowcast Band by Case (dB) 

October 3, 

2014 

April 13, 2014 February 21, 

2014 (KHTX) 

February 21, 2014 

(KIND) 

Total Penalty 2 to 3 -1 to 1 1 to 3 -2 to 0 

Translation 2 to 4 2 to 3 0 to 2 -1 to 1 

Rotation 2 to 3 2 to 3 1 to 3 -1 to 1 

Dilation 2 to 4 0 to 2 2 to 4 1 to 3 

Intensity 1 to 3 -1 to 1 1 to 3 0 to 2 

 

Table 5.14: Differential reflectivity nowcast band selections for linear systems. 

 

Specific 

Differential 

Phase 

Best Nowcast Band by Case (deg/km) 

October 3, 

2014 

April 13, 2014 February 21, 

2014 (KHTX) 

February 21, 2014 

(KIND) 

Total Penalty 1 to 3 0 to 1 1 to 3 -1 to 0 

Translation 1 to 3 1 to 3 0 to 1 -1 to 0 

Rotation 1 to 3 2 to 3 -1 to 0 3 to 5 

Dilation 0 to 1 3 to 5 -1 to 0 1 to 3 

Intensity 0 to 1 2 to 3 1 to 3 0 to 1 

 

Table 5.15: Specific differential phase nowcast band selections for linear systems. 
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5.4.3 Linear Systems: Verification Setups 

 For reflectivity, there is very little agreement on which PSAV setup is best for 

linear systems.  There are a few error components which suggest at least a threshold 

value or angle number with three cases in agreement (rotation suggests 40 dBZ and 

intensity works best at 30 angles), but overall, no single setup could be chosen for any 

component of error.  Differential reflectivity results are much the same, with the most 

agreement coming from the rotation component having three out of four cases select the 

30 angle, 1 dB setup.  A trend does seem to appear with 1 dB being the selected threshold 

value for 10/20 possible results, however this is still a moderate amount and may not 

actually be a useful result for future verification research.  Specific differential phase 

results are slightly more cohesive than either Z or ZDR.  Total penalty and rotation error 

all show a trend towards 1 deg/km as the best threshold selection while intensity suggest 

a 0.25 deg/km threshold.  Overall verification results did not produce consistently similar 

results as were hoped, but another trend seems to appear; verification setups seem to have 

more similarity when looking at each error component in a given case instead of looking 

at one component for all cases in comparison.  This trend is seen in the 40 dBZ threshold 

selection for case three, the 1 dB selection in differential reflectivity for case 2, and for 

the 0.25 deg/km and 1 deg/km threshold selections for cases two and three respectively 

for KDP.  These results suggest that the determination of a consistent PSAV setup for any 

of the studied variables for linear systems is should be based on the similarity of each 

system to previous systems, a fact which would require some sort of training for the 

program and would slow down the process making it less useful in real time.  Perhaps 
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with a larger number of events under study in the future this result could be amended or 

accounted for. 

 

Reflectivity Procrustes Setup (number of angles, threshold in dBZ) 

October 3, 

2014 

April 13, 2014 February 21, 

2014 (KHTX) 

February 21, 2014 

(KIND) 

Total Penalty 50, 35 50, 30 30, 40 40, 30 

Translation 30, 40 30, 35 50, 40 30, 40 

Rotation 30, 40 40, 40 40, 40 30, 30 

Dilation 40, 35 30, 35 40, 40 30, 30 

Intensity 30, 35 30, 35 30, 40 30, 30 

 

Table 5.16: Verification setup results for linear system reflectivity. 

 

 

Differential 

Reflectivity 

Procrustes Setup (number of angles, threshold in dB) 

October 3, 

2014 

April 13, 2014 February 21, 

2014 (KHTX) 

February 21, 2014 

(KIND) 

Total Penalty 40, 1.5 40, 1 50, 1.5 50, 1 

Translation 40, 1.5 30, 1 30, 1.5 30, 2 

Rotation 30, 1.5 30, 1 30, 1 30, 1 

Dilation 50, 1 50, 1 40, 1.5 40, 1 

Intensity 50, 1 30, 2 30, 1.5 30, 2 

 

Table 5.17: Verification setup results for linear system differential reflectivity. 
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Specific 

Differential 

Phase 

Procrustes Setup (number of angles, threshold in deg/km) 

October 3, 

2014 

April 13, 2014 February 21, 

2014 (KHTX) 

February 21, 2014 

(KIND) 

Total Penalty 40, 1 30, 0.25 50, 1 40, 1 

Translation 50, 0.25 30, 0.25 30, 1 50, 1 

Rotation 50, 1 30, 0.25 50, 1 40, 1 

Dilation 40, 0.25 30, 0.25 30, 1 30, 0.25 

Intensity 40, 0.25 30, 0.25 30, 0.25 All setups returned 

the same value. 

 

Table 5.18: Verification setup results for linear system specific differential phase. 

 

 

5.4 Multicell Events 

 Multi-cell cases studied for this project include: (1) September 7th, 2015 in 

Topeka, KS at 232428 UTC, (2) June 9th, 2014 in Greer, SC at 212550 UTC, and (3) 

October 13th, 2014 in Atlanta, GA at 063832 UTC.  These cases do not show the same 

continuity shown with supercells or linear systems, most likely due to their smaller cell 

size creating a larger chance for extra cells to be identified, the potential of cells being 

combined falsely, and the fact that they are less likely to show strong similarity in their 

features like linear systems.  However, on the verification side of the project, there is 

more noticeable continuity from Procrustes suggesting that the shape analysis program 

may perform more consistently with smaller cell sizes. 

 

5.5.1 Multicell Events: Feasibility 

 Total penalty, translation, rotation, and dilation errors all show a strong amount of 

agreement which is represented by almost all results for each case being on the same 

order of magnitude when comparing error components across Z, ZDR, and KDP.  As with 
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supercell and linear event categories, the largest variability in error value is shown by Z 

and ZDR, with KDP producing a much smaller range of values; the range of values for 

reflectivity and differential reflectivity are between around 800 to 900 while specific 

differential phase errors are closer with a range of less than half that at approximately 

350.  This is in line with the results described for previous system types in that as an 

overall result (total penalty), WDSS-II tends to produce the most accurate nowcasts of 

KDP.  Unlike with supercells and linear systems, there is more agreement between 

rotation and dilation error components with all results being on the order of either 10-1 or 

10-2.   

 Intensity error shows the widest range of results with each parameter producing 

values of different orders of magnitude; looking within each parameter the values are of 

the same order of magnitude on a case by case basis.  Reflectivity values for intensity 

error are on the order of 101 with the exception of case one, differential reflectivity 

produces results on the order of 10-1, and specific differential phase scores are on the 

order of 10-2 excluding case three which produced a value on the order of 10-3.  

Altogether these results provide strong evidence that the WDSS-II nowcasting algorithm 

works well for nowcasting dual-polarized variables for multicell systems. 
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Reflectivity Best Nowcast Band by Case (dBZ) 

June 9, 2014 October 13, 2014 September 7, 2015 

Total Penalty 123.6 

 

992.1 

 

256.4 

 

Translation 52.55 

 

346.3 

 

145.6 

Rotation 0.0167 

 

0.4460 

 

0.7755 

Dilation 1.046 0.4146 

 

0.6673 

Intensity 2.805 

 

20.18 

 

10.08 

 

 

Table 5.19: Lowest error values for multicell reflectivity. 

 

 

Differential 

Reflectivity 

Best Nowcast Band by Case (dB) 

June 9, 2014 October 13, 2014 September 7, 2015 

Total Penalty 349.9 

 

1434 

 

1239 

Translation 280.0 305.5 337.9 

 

Rotation 0.2212 0.2436 

 

0.2919 

Dilation 0.2234 0.1299 0.3111 

 

Intensity 0.7801 

 

0.4864 0.4843 

 

 

Table 5.20: Lowest error values for multicell differential reflectivity. 
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Specific 

Differential Phase 

Best Nowcast Band by Case (deg/km) 

June 9, 2014 October 13, 2014 September 7, 2015 

Total Penalty 56.85 243.9 394.6 

Translation 42.86 377.0 

 

283.6 

 

Rotation 0.0435 

 

0.4329 0.3395 

 

Dilation 0.6923 0.8488 1.196 

Intensity 0.0015 0.0638 

 

0.0852 

 

 

Table 5.21: Lowest error values for multicell specific differential phase. 

 

 

 

5.5.2 Multicell Events: Nowcast Band Selection 

 Tables 5.22, 5.23, and 5.24 display the nowcast band selections of Z, ZDR, and 

KDP for the selected multicell events.  Looking first at reflectivity values it becomes clear 

that there is very little agreement between the three cases as to which nowcast band 

should be selected to produce the best results for total penalty and each component of 

error.  Dilation error is the only component which shows cohesion across each case with 

the selection of the 40 to 60 dBZ threshold band; as such, it is inferred that for reflectivity 

nowcasts of multicell events, WDSS-II handles the storm shape evolution better than 

intensity, location, or orientation.  Rotation and translation error components also show 

some signs of a potential ideal selection, but only two cases agree for rotation and only 

the upper threshold band of 60 dBZ is preferred for translation. 
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 Differential reflectivity tells an even poorer story having only one component of 

error, rotation, agreed upon by two out of the three cases.  However, there is some useful 

data in the fact that nowcast bands with negative values were only selected in two 

instances.  A selection of negative values in the case of a multicell event makes little 

sense in regards to the system type as it suggests the presence of vertically oriented 

hydrometeors which tend to be certain types of hail.  For a supercell or strong linear 

system this would make much more sense, but with multicell systems being less likely to 

produce strong negative values of ZDR a large number of negative band selections would 

suggest that the WDSS-II nowcasting algorithm is not working well with this parameter.  

As the case is the opposite in these results, almost all elements selecting positive bands, 

the conclusion may be formed that the algorithm does, in fact, work with ZDR for cases of 

this type, although an ideal nowcast band has yet to be found.  This may be because of 

the constraint of using integer values for the nowcast bands. 

 Results for KDP are less varied than with Z or ZDR although there is no component 

of error where all three cases selected the same nowcast band.  Total penalty, rotation, 

and intensity errors all have at least two cases suggesting an ideal nowcast band of 2 to 3 

deg/km, 0 to 1 deg/km, and 1 to 3 deg/km respectively.  Within that data, there is even 

greater agreement with total penalty having all three cases selecting an upper threshold 

bound of 3 deg/km.  WDSS-II does at least seem to work correctly with KDP nowcasts of 

this type as all selections but one are positive threshold bands.  In principle, this is the 

same as with ZDR, wherein a multicell system would not be expected to produce areas of 

negative KDP large enough to classify as cells with which WDSS-II could advect and 

evolve. 
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Reflectivity Best Nowcast Band by Case (dBZ) 

June 9, 2014 October 13, 2014 September 7, 2015 

Total Penalty 30 to 60 30 to 50 20 to 40 

Translation 30 to 60 40 to 60 20 to 60 

Rotation 20 to 60 20 to 60 20 to 40 

Dilation 40 to 60 40 to 60 40 to 60 

Intensity 30 to 50 20 to 40 40 to 70 

 

Table 5.22: Reflectivity nowcast band selections for multicell events. 

 

Differential 

Reflectivity 

Best Nowcast Band by Case (dB) 

June 9, 2014 October 13, 2014 September 7, 2015 

Total Penalty 2 to 4 -2 to 0 1 to 3 

Translation 2 to 3 2 to 4 0 to 2 

Rotation 2 to 4 0 to 2 0 to 2 

Dilation 1 to 3 0 to 2 -2 to 0 

Intensity 2 to 3 0 to 2 1 to 3 

 

Table 5.23: Differential reflectivity nowcast band selections for multicell events. 

 

Specific 

Differential Phase 

Best Nowcast Band by Case (deg/km) 

June 9, 2014 October 13, 2014 September 7, 2015 

Total Penalty 1 to 3 2 to 3 2 to 3 

Translation -1 to 0 1 to 3 0 to 1 

Rotation 0 to 1 0 to 1 2 to 3 

Dilation 1 to 3 3 to 5 0 to 1 

Intensity 1 to 3 1 to 3 0 to 1 

 

Table 5.24: Specific differential phase nowcast band selections for multicell events. 
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5.5.3 Multicell Events: Verification Setups 

 Analysis of the verification setups for multicell events shows what appears to be 

much better agreement between cases for reflectivity, differential reflectivity, and 

specific differential phase than supercell and linear systems.  Reflectivity selections all 

choose the 35 dBZ threshold aside from translation, rotation, and dilation error for case 

three.  Looking at the components on a case-by-case basis shows that, particularly with 

cases one and two, there are very distinct verification setups that work with each case; 40 

angles and 35 dBZ threshold for case one and 50 angles with a threshold of 35 dBZ for 

case two.  The only component of the PSAV setup that varies consistently is the number 

of angles being selected when comparing error components across all three cases.  

 Differential reflectivity shows slightly more variability in the selections than does 

reflectivity, but there are still a number of commonalities.  Total penalty has 50 angles 

selected for each of the three cases as does translation for the threshold of 1 dB.  Case 

one also shows the same inter-case cohesion displayed by cases one and two for 

reflectivity having 1 dB as the selected threshold for all components and 30 angles 

selected for all components aside from total penalty. 

 What at first appears to be astonishing agreement on the threshold values for KDP; 

however, must be taken with little consequence.  It is encouraging in the fact that 

nowcasted fields of KDP can be verified by PSAV, but there is a caveat to the results.  

When processing each nowcast through Procrustes it was found that with the 49 km2 cell 

size selected only the 0.25 deg/km threshold would produce results.  This was not 

altogether unexpected as the cells within each case were smaller than in supercell and 

linear cases and the regions of significant KDP were even smaller.  It was determined that 
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the 49 km2 cell size should be used regardless, as mentioned in the methodology section, 

due to the fact that the PSAV program slowed down significantly using cells sizes 

smaller than selected.  Luckily the number of angles could still be varied, so a 

comparison of that variable could still be carried out.  In that vein, the results were 

mixed.  Comparing components for each case reveals no continuous agreement, with a 

few components - total penalty, rotation, dilation, and intensity error - showing 

agreement with two of three cases.  Case 2 presents a strong case for using 30 angles as 

that is selected for each of the five components. 

 

Reflectivity Procrustes Setup (number of angles, threshold in dBZ) 

June 9, 2014 October 13, 2014 September 7, 2015 

Total Penalty 40, 35 50, 35 50, 35 

Translation 40, 35 50, 35 40, 40 

Rotation 40, 35 50, 35 30, 40 

Dilation 40, 35 50, 35 40, 40 

Intensity 30, 35 50, 35 40, 35 

 

Table 5.25: Verification setup results for multicell event reflectivity. 

 

Differential 

Reflectivity 

Procrustes Setup (number of angles, threshold in dB) 

June 9, 2014 October 13, 2014 September 7, 2015 

Total Penalty 50, 1 50, 1.5 50, 1 

Translation 30, 1 30, 1 50, 1 

Rotation 30, 1 30, 1.5 50, 2 

Dilation 30, 1 40, 1.5 30, 2 

Intensity 30, 1 50, 1 40, 2 

 

Table 5.26: Verification setup results for multicell event differential reflectivity. 
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Specific 

Differential Phase 

Procrustes Setup (number of angles, threshold in deg/km) 

June 9, 2014 October 13, 2014 September 7, 2015 

Total Penalty 50, 0.25 30, 0.25 30, 0.25 

Translation 40, 0.25 30, 0.25 50, 0.25 

Rotation 50, 0.25 30, 0.25 30, 0.25 

Dilation 30, 0.35 30, 0.25 50, 0.25 

Intensity 30, 0.25 30, 0.25 40, 0.25 

 

Table 5.27: Verification setup results for multicell event specific differential phase. 

 

 

5.6 Other Case Results 

 Cases represented in this section include anything that could not fit into the other 

three categories, primarily focusing on pop-up thunderstorms and smaller, isolated 

storms.  Events included are: (1) August 21st, 2015 in Lake Charles, LA at 165952 UTC, 

(2) July 4th, 2014 in Phoenix, AZ at 022727 UTC, and (3) October 20th, 2014 in Phoenix, 

AZ at 233938.  Below are the results from these cases.  As with the multi-cell cases, these 

were chosen more as a proof of concept rather than as a set of events with which to create 

a set of thresholds with which to guide future forecasters; therefore, the results were not 

expected to produce consistent nowcast bands and verification set-ups. 

 

5.6.1 Other Case Results: Feasibility 

 As with the multicell cases under investigation, the WDSS-II appears to work 

well with the non-classified cases under study.  Total penalty, translation, rotation, and 

dilation errors are all on the same order of magnitude when comparing these components 

across the three cases studied.  Variability of the results is also consistent with each 

parameter producing similar ranges of values.  Intensity error serves, again, as the error 
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component with the widest range of values concerning orders of magnitude ranging from 

101 for reflectivity, 10-1 for differential reflectivity (case three being the exception with an 

order of magnitude at 101), and 10-2 for specific differential phase.  This change in 

magnitude between radar parameters is considered acceptable as reflectivity serves as the 

baseline with scores lower than those coming from reflectivity reflecting more accurate 

forecasts.  Tables 5.28 through 5.30 below show the values used for these determinations. 

 

Reflectivity Best Nowcast Band by Case (dBZ) 

July 4, 2014 October 20, 2014 August 21, 2015 

Total Penalty 430.3 

 

97.02 497.8 

 

Translation 463.4 

 

157.8 

 

95.05 

 

Rotation 0.3858 0.0769 

 

0.2732 

Dilation 0.4048 

 

0.8750 0.5377 

 

Intensity 6.980 1.424 

 

3.604 

 

Table 5.28: Lowest error values for non-classified case reflectivity. 
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Differential 

Reflectivity 

Best Nowcast Band by Case (dB) 

July 4, 2014 October 20, 2014 August 21, 2015 

Total Penalty 529.3 

 

377.2 

 

1505 

Translation 260.5 176.3 

 

178.6 

 

Rotation 0.3396 

 

0.1326 0.2822 

Dilation 0.3352 

 

0.5805 

 

0.7417 

 

Intensity 0.1358 0.3302 

 

1.508 

 

 

Table 5.29: Lowest error values for non-classified case differential reflectivity. 

 

Specific 

Differential Phase 

Best Nowcast Band by Case (deg/km) 

July 4, 2014 October 20, 2014 August 21, 2015 

Total Penalty 491.1 118.4 

 

725.8 

Translation 86.70 117.1 

 

523.0 

 

Rotation 0.9373 0.5210 

 

0.2624 

Dilation 0.2708 0.7288 

 

0.7565 

Intensity 0.0917 

 

0.0503 

 

0.02447 

 

Table 5.30: Lowest error values for non-classified case specific differential phase. 
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5.6.2 Other Case Results: Nowcast Band Selection 

 Non-classified cases used in this study show a significant amount of variability in 

both reflectivity and differential reflectivity nowcast band selection.  Reflectivity shows 

only two components of error, total penalty and dilation error, which have agreement 

between at least two cases with both suggesting the 20 to 40 dBZ threshold band as the 

best WDSS-II nowcast setup.  Other selections tend towards a threshold lower bound set 

at either 20 or 30 dBZ with an upper threshold ranging from 40 to 60 dBZ, suggesting 

that for a forecast focused on these values one of the lower threshold bands should be 

chosen.  Differential reflectivity shows even less agreement with only dilation error 

having at least two cases with the same best nowcast band: -1 to 1 dB.  Unfortunately, 

that result coupled with the fact that many ZDR results contain negative bands or bands 

with a large number of negative values leads to the conclusion that WDSS-II does not 

perform well with ZDR nowcasts of the selected non-classified cases as suggested by the 

feasibility study.  Although the magnitude of ZDR error values is the same as seen with 

reflectivity, the problem described in section 5.5.2 appears to be present; however, unlike 

with the multicell cases regions of vertically oriented hydrometeors seem to be detected 

and used to forecast the cells in non-classified cases.  Since the cell sizes are 

approximately the same and even smaller in a few cases, and based on a visual analysis 

of the reflectivity data, the presence of these negatively polarized hydrometeors is not 

expected in groups large enough to be identified.  Thus, the determination is that the 

WDSS-II nowcasting algorithm must be altered to function properly with ZDR nowcasts 

of this type. 
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 Specific differential phase threshold selection looks, at first glance, like there is 

more unity between the cases than with Z and ZDR.  In fact, total penalty and three other 

error components all have at least two cases suggesting the same threshold values with 

total penalty, translation, and intensity all selecting the -1 to 0 deg/km band.  However, 

the same problem exemplified by the ZDR data is present in the KDP results wherein 

mostly negative values are selected as cells by the WDSS-II nowcasting algorithm.  

Again, these results show that there is more work to be done with the algorithm before 

KDP nowcasts can be reliably created for events similar to the ones under study. 

 

Reflectivity Best Nowcast Band by Case (dBZ) 

July 4, 2014 October 20, 2014 August 21, 2015 

Total Penalty 20 to 40 20 to 40 40 to 70 

Translation 30 to 50 20 to 60 30 to 60 

Rotation 30 to 50 20 to 40 20 to 40 

Dilation 30 to 60 20 to 40 40 to 60 

Intensity 30 to 60 20 to 40 30 to 60 

 

Table 5.31: Reflectivity nowcast band selections for non-classified cases. 

 

Differential 

Reflectivity 

Best Nowcast Band by Case (dB) 

July 4, 2014 October 20, 2014 August 21, 2015 

Total Penalty 0 to 2 -2 to 0 2 to 3 

Translation 2 to 4 -1 to 1 2 to 3 

Rotation -2 to 0 -1 to 1 1 to 3 

Dilation -1 to 1 -1 to 1 2 to 3 

Intensity -2 to 0 -1 to 1 2 to 3 

 

Table 5.32: Differential reflectivity nowcast band selections for non-classified cases. 
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Specific 

Differential Phase 

Best Nowcast Band by Case (deg/km) 

July 4, 2014 October 20, 2014 August 21, 2015 

Total Penalty -1 to 0 -1 to 0 2 to 3 

Translation -1 to 0 -1 to 0 0 to 1 

Rotation -1 to 0 1 to 3 0 to 1 

Dilation 0 to 1 1 to 3 0 to 1 

Intensity -1 to 0 -1 to 0 0 to 1 

 

Table 5.33: Specific differential phase nowcast band selections for non-classified cases. 

 

 

5.6.3 Other Case Results: Verification Setups 

 Aside from an agreement on all three cases for 30 angles as the ideal number 

when focusing on intensity error, there is very little similarity in the data.  As with the 

multicell events, the only threshold that worked on the non-classified cases was 0.25 

deg/km so the appearance of a strong trend towards that threshold is artificial.  Some 

unity can be seen within cases, as all three suggest a common number of angles across at 

least three error components, but aside from that, few meaningful conclusions can be 

drawn from the results. 

 

Reflectivity Procrustes Setup (number of angles, threshold in dBZ) 

July 4, 2014 October 20, 2014 August 21, 2015 

Total Penalty 50, 35 40, 30 50, 40 

Translation 50, 40 40, 30 30, 40 

Rotation 30, 35 40, 30 50, 40 

Dilation 30, 40 40, 30 30, 30 

Intensity 30, 35 30, 30 30, 30 

 

Table 5.34: Verification setup results for non-classified case reflectivity. 
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Differential 

Reflectivity 

Procrustes Setup (number of angles, threshold in dB) 

July 4, 2014 October 20, 2014 August 21, 2015 

Total Penalty 50, 2 50, 2 40, 1 

Translation 40, 2 30, 2 40, 1 

Rotation 40, 2 40, 2 30, 1 

Dilation 30, 2 40, 2 40, 1 

Intensity 40, 2 30, 2 30, 1.5 

 

Table 5.35: Verification setup results for non-classified case differential reflectivity. 

 

Specific 

Differential Phase 

Procrustes Setup (number of angles, threshold in deg/km) 

July 4, 2014 October 20, 2014 August 21, 2015 

Total Penalty 50, 0.25 30, 0.25 50, 0.25 

Translation 30, 0.25 50, 0.25 40, 0.25 

Rotation 40, 0.25 30, 0.25 40, 0.25 

Dilation 30, 0.25 30, 0.25 40, 0.25 

Intensity 30, 0.25 30, 0.25 30, 025 

 

Table 5.36: Verification setup results for non-classified case specific differential phase. 
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Chapter 6: Conclusions 

 

6.1 Summary 

 Short term radar forecasting is a field full of problems, but every time one is 

solved another one pops up.  Once forecasters were able to deal with the problem of what 

radar field to use, the problem became how to determine the accuracy of the forecast to 

give useful results beyond early statistics such as hit, miss, and false alarm.  Now, there is 

dual-polarized radar data to work with and the question becomes how to incorporate that 

data into the systems already in use for nowcasting and forecast verification. In an 

attempt to answer this question a number of tests were carried out during this study to 

determine: 

1. If the WDSS-II nowcasting scheme would work on dual-polarized 

variables ZDR and KDP. 

2. What threshold boundaries would be appropriate when creating these 

nowcasts. 

3. How the Procrustes verification scheme would work with KDP, Z, and ZDR 

and how the program should be set up for different variables and storm 

types. 

4. Which nowcast bands and verification set-ups present the best results for 

total penalty, translation, rotation, dilation, and intensity error values 

produced by Procrustes. 

 Following these objectives, four case types were selected and cases were chosen 

to be processed through WDSS-II and Procrustes following the strict set of procedures 
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outlined in chapter three.  Once the results were gathered and processed further to allow 

for better comparison the results were then analyzed with respect to the outlined 

objectives. 

 

6.2 Conclusions 

 Each of the thirteen cases studied were all capable of being run through WDSS-II 

and verified through Procrustes to determine the validity of their nowcasting and 

verification schemes with respect to reflectivity, differential reflectivity, and specific 

differential phase.  An overview of the results relating to the outlined objectives appears 

as: 

1. WDSS-II works with the selected dual-polarized radar data according the 

feasibility study done for each case type comparing the order of magnitude 

of results for each parameter under investigation. Nowcasts of KDP 

produce particularly useful nowcasts in comparison to Z and ZDR with 

respect to total penalty scores. 

2. Some threshold boundaries could be determined such as the overall best 

bands for supercell and linear cases. These were 40 to 60 dBZ, -2 to 0 dB, 

and -1 to 0 deg/km for supercell Z, ZDR, and KDP.  For linear systems the 

best bands were 20 to 40 dBZ, 1/2 to 3 dB, and 1 to 3 deg/km for Z, ZDR, 

and KDP.  Error components for translation, rotation, dilation, and intensity 

also have useful results, but the trends present are less clear and require 

future research. 
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3. Procrustes works well with the tested variables excluding KDP for cases 

with smaller cell sizes, but the setup for the program seems to work more 

on a case-by-case basis rather than a choice depending on storm type. 

4. As with objective two, there is not enough data to suggest an agreeable 

setup for Procrustes to determine individual error components, although 

within a few storm types there seems to be at least some agreement on 

what nowcast band to use. 

 These results were not ideal, but still give some insight to the future of nowcasting 

and using the Procrustes verification scheme on those nowcasts.  Since using WDSS-II 

and Procrustes with dual-polarized radar variables was found viable, objectives one and 

three were completed.  Results were presented for objectives three and four, however, 

require more work down the line to Figure out what can make these results more 

consistent. 

 

6.3 Future Work 

 As presented above, there are many opportunities for future research following the 

same direction as this.  The first and foremost option would be to increase the sample size 

and automate the process of verification and data extraction used to as to increase the 

sample size available to draw conclusions from.  Increasing the sample size could be 

achieved through either increasing the number of cases under investigation or through 

analyzing the current cases on a cell-by-cell basis rather than using the averages as in this 

study, or examining other time periods and forecast lead times from these cases.  By 
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doing this it should be possible to see a pattern forming that may allow research to further 

the accuracy and nowcast band choice relating to specific parts of the error. 

 The WDSS-II nowcasting scheme also allows for more customization beyond the 

threshold values used in this research.  Cell size, how intense the rate of advection, 

growth and decay rates, and what values are focused on are all able to be modified when 

running the w2segmotionll algorithm.  In addition, it should be possible to either scale the 

threshold values during the nowcasting algorithm or during the pre-processing phase to 

allow for non-integer values to be used as threshold bands.  If this is done, then one of the 

original dual-polarized parameters, cross-correlation coefficient, could be added to the 

list of variables being processed.   Observing the change in nowcast behavior for other 

options within the nowcasting algorithm should also allow more accurate forecasts to be 

made. 

 Work should be done in the future using the results of the aforementioned projects 

on idealized cases which serve to give a proper analysis of how and why the WDSS-II 

nowcasting algorithm should be set up for different forecasting uses.  One example of 

this would be for aviation.  Expanding on the results from this study, higher altitude 

nowcasts could be created with a focus on translation error to help improve the accuracy 

of aviation forecasting.  Using a specific threshold criterion for dangerous values on these 

upper-level nowcasts could allow for significant advances in the field which could help to 

increase the efficiency of flight planning and diversion warnings. 

 Finally, the biggest future objective for this research could be realized through the 

combination of this future research: the creation of a nowcasting algorithm combining 

reflectivity, differential reflectivity, specific differential phase, Doppler velocity, and 
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cross-correlation coefficient which can be tuned to forecast areas of significant 

meteorological interest could be created.  Areas would include regions of heavy rain, hail, 

and potentially tornadoes.  This could come in the form of a completely new algorithm 

which would run nowcasts of each of these features in parallel and then combining the 

products highlighting the aforementioned areas of interest assuming the processing power 

is available to achieve this in real time, or it could be done by using a modified existing 

hydrometeor classification algorithm set up to distinguish between regions of heavy rain, 

hail, and tornadic activity and creating nowcasts of that algorithm.  In either situation, the 

results of the previous studies would be necessary before initiation of this project.  If this 

could be implemented in conjunction with longer nowcast times such as 30 or 40-minute 

lead times warning times could increase substantially and public safety would be 

improved. 
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Appendix of Nowcasts 

 The appendix of nowcasts contains all of the nowcast images created for this case 

separated by event and radar parameter. Cases are numbered according to table 3.1 and 

appear in that order beginning on the following page. 
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Case 2: June 24, 2014 KIND 
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Case 3: September 18, 2015 KEAX 
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Case 4: October 3, 2014 KLZK 
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Case 5: April 13, 2014 KINX 
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Case 6: February 21, 2014 KIND 
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Case 7: February 21, 2014 KHTX 
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Case 8: October 13, 2014 KFFC 
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Case 9: June 9, 2014 KGSP 
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Case 10: September 7, 2015 KTWX 
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Case 12: July 4, 2014 KIWA 
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