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ABSTRACT  

  

This paper analyses polarimetric weather radar data to 

explore their potential for comprehensive and reliable 

precipitation and thus, drought monitoring in Cyprus. 

Reflectivity measurements from the two ground-based 

Xband dual-polarization radars of the Department of 

Meteorology of the Republic of Cyprus are compared with 

measurements obtained from the Dual-Frequency 

Precipitation Radar (DPR) onboard NASA’s Global 

Precipitation Measurement (GPM) mission in order to 

calibrate the ground-based reflectivity. The comparison is 

done using a volume matching method that allows us to 

associate the datasets both in space and time. To correct the 

attenuation, we examine a Z-A relationship approach and 

the forward gate-by-gate attenuation correction based on 

an iterative approach with scalable constraints. Preliminary 

results show a significant underestimation of the 

groundbased reflectivity, as well as a notable impact of 

attenuation that leads to a major source of error for rainfall 

estimation.   

  

Index Terms— X-band polarimetric weather radar, GPM  

DPR Ku-band, volume matching, attenuation correction  

  

1. INTRODUCTION  

  

Cyprus is characterized by a semi-arid climate and faces 

frequent and extensive droughts that have negative impacts 

on agricultural production, the ecosystem, and the 

economy [1]–[3]. Existing research on drought events in 

Cyprus relies on in-situ data, mainly temperature and 

precipitation measurements at meteorological stations, and 

water levels at the main reservoirs [4]–[6].   

  

Polarimetric weather radars can provide a range of 

additional information on precipitation-generating 

processes and can improve quantitative precipitation 

estimation [7]. This paper analyzes a 6-year dataset of 

polarimetric measurements from the two X-band dual-

polarization radars of the Department of Meteorology of 

the Republic of Cyprus to explore this research 

opportunity.  

  

2. DATA  

  

Ground radars and satellite precipitation radars measure 

reflectivity in three dimensions and can thus be used for direct 

comparison of such observations [8] [9].   

  

This study uses reflectivity measurements from the 

DualFrequency Precipitation Radar (DPR) onboard NASA’s 

Global Precipitation Measurement (GPM) mission to 

calibrate the two X-band dual-polarization radars of the 

Department of Meteorology of the Republic of Cyprus. GPM 

is constantly validated with a consistent calibration accuracy 

of 1 dB [10] and has been suggested by several authors as a 

reasonable reference for the calibration of ground-based 

radars [9], [11], [12].  

  

We exploit the Ku-band of the DPR, which has a spatial 

resolution of 5 km, 245 km swath width and 125 m vertical 

resolution. The ground-based radars are located in Rizoelia, 

Larnaca district (LCA), and Nata, Paphos district (PFO), 

providing a full coverage of the island. Their scanning 

strategy includes eight (8) different plan position indicator 

(PPI) with elevation angles between 0.5° and 30°. Their 

azimuthal resolution is 1° and their maximum range is 150 km 

and 250km, for October 2017 to September 2020 and October 

2020 to September 2023, respectively. Since we do not have 

any engineering records considering radar calibration and 

maintenance, the range change is important to note. We 

consider this change in the analysis of our results, as it depicts 

a radar maintenance that might have led to radar calibration 

changes.   

  



 

3. METHODOLOGY  

  

To compare and calibrate the reflectivity measurements of the 

satellite- and ground-based radars, they must be associated in 

both space and time. To spatially associate the datasets, we 

follow the volume matching method (VMM) of [13] as 

modified by [9]. The VMM averages the reflectivities from  

the ground and satellite-based radars at the positions where 

the satellite radar beam intersects with the ground radar 

elevation sweeps. Satellite radar reflectivities are vertically 

averaged along the beam, whereas ground radar reflectivities 

are horizontally averaged along the range-azimuth plane and 

within the satellite radar footprint. To reduce the standard 

deviation of the reflectivity difference (ΔZ) distribution and 

improve the statistical agreement between the ground-based 

radars and GPM, we apply the iterative procedure that was 

suggested by [14] and as applied by [15]. The methodology 

is applied separately to LCA and PFO measurements with 

and without attenuation correction. The total number of 

matched datasets (matchups) was 47 and 51 for LCA and 

PFO, respectively.   

In the case of attenuation correction, we compare the method 

applied in  [15]  that uses a Z-A relationship derived from 

Tmatrix calculations, with the forward gate-by-gate 

attenuation correction based on the iterative approach of [16] 

and [17]. The latter is developed using the Open Source 

Software wradlib and combines different constraints (i.e. 

constraints for maximum corrected reflectivity and 

maximum path integrated attenuation PIA) and their 

corresponding threshold values. Comparing with the satellite 

data, we follow an iterative approach throughout the 6-year 

time series in order to decide which constraints lead to an 

acceptable tradeoff between attenuation correction and 

robustness (Figure 1).  

  

Figure 1 Methodology for the set of constraints for attenuation 

correction  

4. PRELIMINARY RESULTS  

  

Preliminary results of reflectivity comparison without 

attenuation correction at LCA show a mean offset of -15.96 

dB for the range of 150 km and -14.06 dB for the range of 

250 km (Figure 2). Considering PFO, the reflectivity 

comparison without attenuation correction results in a mean 

offset of -16.17 dB for the range of 150 km and -9 dB for the 

range of 250 km (Figure 3) for LCA and PFO respectively.  

The reflectivity attenuation correction using the Z-A 

relationship as applied in [15] with an initial set of 

constraints shows an impact on the final offset estimation 

(Figure 4 and Figure 5).  This set of constraints results in a 

slightly higher mean standard deviation of the reflectivity 

difference (ΔZ) distribution. It is anticipated that the 

examination of further sets of constraints using the forward 

gate-by-gate attenuation correction method will result in a 

more suitable attenuation correction for the weather radar 

network of Cyprus.   

  

Figure 2 LCA offset without attenuation correction  

  
Figure 3 PFO offset without attenuation correction  

  
Figure 4 LCA offset with attenuation correction  
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Figure 5 PFO offset with attenuation correction  

5. FUTURE WORK  

  

Future work includes the exploitation of the simultation 

measurements at the two ground radars to overcome the 

attenuation inaccuracies, and the investigation of methods that 

use specific attenuation to retrieve rainfall rates at the ground-

based radars [18], [19]. The rainfall retrieval methods will be 

evaluated against satellite-based rainfall rates, as well as 

measurements at rain gauges. The overall outcome is expected 

to become an accurate and reliable dataset that will contribute 

to the development of an automated method for the estimation 

of the precipitation budget over the area of Cyprus.  
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