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Abstract 
 
 Since spring 2012, the Center for Collaborative Adaptive Sensing of the Atmosphere (CASA) has been 
transformed from a research to operational demonstration emphasis, and has started the development of Dallas-Fort 
Worth (DFW) urban remote sensing network. Radar-based Quantitative Precipitation Estimation (QPE) is one of the 
major research activities in the deployment of this urban test bed. In this paper, the polarimetric rainfall algorithms have 
been investigated for the X-band CASA/XUTA radar and the local S-band KFWS radar. A demonstration QPE system 
fusing the data of X-band radars and the S-band radar has been developed. In order to validate and evaluate the dual-
polarization radar rainfall products, 20 rain gauges operated by the City of Grand Prairie are used for cross comparison 
between the radar measurements and gauge observations. The QPE system evaluation results presented here show 
excellent performance of the rainfall products with low bias and normalized standard error. 
 

1. Introduction 
 
 Accurate monitoring of rainfall and stream flow is critical to human life and civilizations. Numerous 
infrastructures have been installed to directly or indirectly measure rainfall rate and amounts such as rain gauges, 
meteorological satellites and radars. Among these tools, radar has shown great advantages to conduct spatially 
continuous observations in a large area with small temporal sampling intervals [1]. Over the past two decades, many 
radar networks have been deployed at a nationwide scale to track the changing atmospheric conditions, such as the 
United States National Weather Services (NWS) Weather Surveillance Radar - 1988 Doppler (WSR-88D) network (at 
S-band) and the China New Generation Weather Radar (CINRAD) network (at S- and C-band). In addition, a large 
number of regional radars have been installed to study the local weather phenomenon and statistical properties of 
precipitations, such as the X-band dual-polarization radar network developed by the U.S. National Science Foundation 
Engineering Research Center (NSF-ERC) for Collaborative Adaptive Sensing of the Atmosphere (CASA) and the X-
band research radar network (X-NET) implemented by Japan’s National Research Institute for Earth Science and 
Disaster Prevention (NIED).  
 To study and mitigate the urban weather disasters, CASA and the North Central Texas Council of Governments 
(NCTCOG) have been developing its first urban test bed in Dallas-Fort Worth (DFW) area. This urban remote sensing 
network, centered by the deployment of 8 dual-polarization X-band radars, is expected to demonstrate the operational 
feasibility of dense radar network in a metropolitan environment and provide weather forecasts and flash flooding 
warnings according to the local user needs [2]. It is also expected to be an excellent platform for quantitative 
precipitation estimation (QPE).  
 In this paper, we have developed a ܭௗ௣-based QPE system for the CASA/DFW X-band radars to estimate the 
rainfall intensity and accumulations. In addition, the local S-band WSR-88D site (i.e., KFWS radar), which has been 
upgraded to have dual-polarization capability since November 2012, is also used to generate the dual-polarization 
rainfall products. Figure 1 shows the layout of the KFWS radar and one of the CASA radars installed at University of 
Texas Arlington. 
 

2. Dual-polarization Radar Rainfall Algorithms for DFW Network 
 
 Traditionally, radar rainfall estimators start with the radar reflectivity (ܼ) and rainfall rate (ܴ) relationships 
which are also known as ܼ- ܴ relations. Nevertheless, a few uncertainty factors make the ܼ- ܴ relations imprecise to 
capture the rainfall variability. These uncertainty factors include partial beam blockage, radar signal attenuation at high 
frequencies, anomalous propagation of the electromagnetic waves, and radar system calibration errors. These 
uncertainties limit the capability of single polarization radar for accurate rainfall estimation. In addition, the commonly 
used power law relationship (ܼ ൌ ܴܽ௕) greatly relies on the rain drop size distribution (DSD), which can be very 
different for various climatological regions, even within a single storm. Accordingly, it is often a nontrivial task to find  
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4. Conclusions and Future Work 
 

 In this paper, we have described the high resolution rainfall mapping methodologies using polarimetric radars at 
S- and X-band frequencies in Dallas-Fort Worth metropolitan area. The preliminary evaluation results based on the 
local rain gauge observations have shown the superior performance of the rainfall estimation methods. In future, more 
cases studies will be done to further demonstrate the accuracy of the rainfall products. In addition, the integrated rainfall 
products based on the KFWS radar and multiple X-band radars will be the focus of the QPE studies in this urban radar 
network with more X-band radars are being deployed. The high-resolution rainfall products will also be used for 
characterizing the complex hydrologic and hydraulic processes in this urban environment. 
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