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Abstract One of the important usages of polarimetric Doppler weather radar is quantitative 

precipitation evaluation. Polarimetric radar detects reflectivity (ZH), differential reflectivity (ZDR) and 

specific differential phase (Kdp), which are closely related to the precipitation particles. The commonly 

used QPE estimators include ZH-based R(ZH), ZH -ZDR-based R(ZH, ZDR),  Kdp-based R(Kdp) and Kdp -

ZDR-based R(Kdp, ZDR). Based on the observation data of Shenzhen S-band and X-band polarimetric 

radars, as well as the high-resolution elevation data and the disdrometer data, the QPE method based 

on polarimetric variables is presented: first, the blockage information of these 2 radars is analyzed, 

and the hybrid tilts of these 2 radars are generated based on the elevation data and location data of the 

radars; then the parameters for the above 4 QPE estimators suitable for Shenzhen are calculated with 

disdrometer observation using T-matrix method; finally, the blended method of QPE is designed to 

use different QPE estimators based on the intensity of polarimetric signals (i.e. Kdp and ZDR). The 
 
performance suggests the accuracy and the stability of the blended method outperforms any of the 

single estimator methods.  The QPE products of Shenzhen S-band and X-band radars are generated 
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with the QPE method presented in this paper, and their performances are evaluated against the 

operational QPE product. Results suggest the QPE products generated using QPE method presented in 

this paper outperform operational product both in accuracy and stability. Besides, the performance of 

X-band radar is slightly better than S-band radar, suggesting the utilization of high-resolution X-band 

radar can improve the accuracy of QPE. However, due to the uncertain relationship between 

polarimetric signals and rain rate in melting layer and ice region in the radar scan domain, the QPE 

method proposed here can only be applied to liquid rainfall region of the radar scan domain. 

Key words Polarimetric radar, Quantitative precipitation estimation(QPE), Raindrop size distribution 
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2.1  

ᶏ ⌠ қ Ḥ ȁ S Ẓ Ҋץ̂

Z9755 ̃ ȁ X Ẓ Ҋץ̂ ZSE01 ̃

ȁ ԍ ῤ ѿ ת 1№ қ Ȃ

̆ ᶏ ԅ ╠ҙⱵᶏ QPE֟ ԍ ᵀȂ ΐᵣ ׃’ №≢

ҊȂ 

қ Ḥ ᶏ SRTM

̂Shuttle Radar Topography Missioñ ̆№ ҹ 30m̆ ԍ Ҍ ᴀ

’Ȃ 

Z9755 ZSE01 ᵝԍ ̆ 53m̆ ᵝ ̆ S

X ̆ң Һ 1ȂῒҬ̆X

̆ᴪ֟ ⁞̆ ῒ ⁞ ̆ №ᴰ ᵝ

└ ҉̂Giangrandĕ et al̆ 2013̃ ̆≠ №ᴰ ᵝ № ⁞

 ̂ ̆2017̃ ̆ ⁞ X ῤ ᴆҬ ̆ZSE01

ҹ ⁞ Ȃ ԅ 2020 12ҩ ҩᶛ Z9755

ZSE01 ̆ ԍ ᵀ ᵀ̆ ҩᶛ 2Ȃ 

1 S Ẓ ̂Z9755̃ X Ẓ

̂ZSE01̃ Һ  

Table 1. Key Parameters of S-band polarimetric radar (Z9755) and X-band phase array polarimetric 

radar (ZSE01) in Shenzhen 

 Z9755 ZSE01 

№ ̂№ ̃ 6 1.5 

№ ̂ ̃ 250 30 

№ ̂°̃ 0.95 0.9 

ᴀ  9 12 



 

5 
 

ᵞ ᴀ ̂°̃ 0.5 0.9 

̂ ̃ 460 40 

 

2 ҩᶛ  

Table 2 Dates of the test dataset  

ҩᶛ ̂ / / ̃ 

2020/05/11 2020/06/05 2020/06/06 

2020/06/07 2020/06/08 2020/08/01 

2020/08/05 2020/08/12 2020/08/19 

2020/09/12 2020/09/13 2020/09/15 

ᶏ ⌠ ᵝԍת ZSE01 қ ̆ 5.38km̂ 1Ҭ

ᵝ ̃̆ ҹ OTT Parsivel
2̂Tokay̆ et al̆ 2014̃ ȂParsivel

2 ѿ ᾣ

̆ת ץ Ḥ Ȃ №ҹ 32 ̆

№ ҹ 1№ Ȃᶏ ת ҹ 2020 5 1 -2020 10 30 Ȃ 

 

1 ZSE01 ᵀ Ҭ ̂ ̃ҍ ̂ת ̃№  

Fig1. Location of rain gauges (white hollow circle) and disdrometer (white star) in ZSE01 radar 

scan domain 

ᶏ қ ҹ ̆ ԅ ҩᶛ

̆ 2̆ ԍ ᵀ ᵀȂ ԍ ZSE01 ȁ
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Z9755 ץ ҙⱵ QPE֟ Ҍѿ ֽ̆ ҈ ̂

ZSE01 0-40km ̃ ԍ ᵀ̆ץḠ ѿ ̆ ZSE01

Ҭ № 1Ȃ 

ҙⱵ ̆ῒ № ҹ 0.001°̆ № ҹ 6№ Ȃ

ԍ 2500m ̆≠ R̂ZH̃῏ ֟ ̆ ҹᶏ Ẓ

֟ ֟ ̆ ᶏ ⌠ Ẓ ̆Ӟ ᶏ Ȃᶏ

ҙⱵ 2̂ 2020 5 11 ̃̆ ԍ ᵀ

ᵀȂ 

2.2 ẘ  

Ẓ 2Ȃ ᶏ ᵀ ӊ╠̆

ᾢ ╠ ̆ ̂ ̆2019̃ №ᴰ

ᵝ └̂Giangrandĕ et al̆ 2013̃ Ȃῒז ׃ №≢ ҊȂ 
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Fig.2 Flow chart of polarimetric radar QPE 
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̆ҹ ῃ ̕ ᵞԍ ̆ҹ ῃ ̕ῒז ’ҹ
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Ҍ ᴀ Ȃ ̆ <50% ᵞᴀ ᵬҹ ᴀ Ȃ 

ԍ Ҭ̆ ᴪ ⌠ Ȃ ҉ ᵣ ̆ ̆

ֲҹ ᴀ Ȃ ֲҹ∞ Ḥ ᵝ ᴀ

̆ ᴀ Ḥ ḱ Ȃ ֲ ╠ Z9755 ZSE01

ᴀ Ḥ 3Ȃ ̆Z9755 ⌠ № ̆ ᶏ ⌠ 3ȁ

4ᴀ Ḥ ̆ῒז ᵝ ̆Һ ᶏ 1 2ᴀ Ḥ ȂZSE01

Ӟ ̆Һ ᶏ 1 2ᴀ Ḥ Ȃ 

 

3 ᴀ  (a)Z9755 ֲ ╠̕(b) Z9755 ֲ ̕
(c)ZSE01 ֲ ╠̕(b) ZSE01 ֲ  
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Fig.3 Hybrid Tilt of radars̔  (a)Z9755 radar, before manual adjustment, (b) Z9755 radar, after 

manual adjustment, (c)ZSE01 radar, before manual adjustment, and (d) ZSE01 radar, after manual 

adjustment 

ᴀ Ḥ ̆ Ҍ ᵝ ᶏ Ҍ ᴀ ̆

̆ ̆ № Ȃ ֓

Ҍ ̆QPE ԍ Ȃ ̆ ᴀ

ᵝ ̆ ԍᶏ Ҍ ᴀ Ḥ ̆ᴪ֟ Ḥ Ҍ Ȃ ̆

ᴀ ᵝ ץ̆ ֓Ҍ Ȃ ᶏ

Tang ̂2013̃ ̆ ᴀ ῒ ᴀ Ȃ ԍ ѿ

ᵝ AZ̆ῒ Z Ὲ ̂1̃Ȃ 

 (W Z ) / W
N N

AZ j AZ j j

j N j N

Z +

=- =-

= ¶ä ä  ō1Ŏ 

Ҭ̆N 5̆ ᶏ ᵝ 5 Ḥ ̆Wjҹ ̔

1jW N j= + -̆ ᵝ ̆ Ȃ 4 ZSE01ѿ ╠

Ȃ ץ ⌠ ӊ╠̆ ԍ 82
o ̂ ҹ 0

ŏ ̃ᶏ ԅ⌠ԅ

ԋᴀ ̆ ᵝ ֟ ԅҌ ̆ Ҍ ӊ ⌠ԅ Ȃ 

 

4 ZSE01 ̂ã ᴀ ץ 2020 5 11 15:30 ╠̂b̃
̂c̃  

Fig.4 (a)Hybrid tilt, and hybrid tilt reflectivity at 15:30, May11th ,2020 (b) before smoothing  

and (c) after smoothing of ZSE01 radar 

2.2.2 QPE῏  

QPE῏ Ὲ ̂2̃-̂5̃ ̆ῒҬ̂2̃ҹ ԍ Ẓ QPE῏ ̆

̂3̃-̂5̃ҹ ԍ Ẓ QPE῏ ȂῒҬῈ Ҭ aȁb cҹ ̆ Ҍ ̆Ҍ

Ҭ̆ ԍ ̆ ֓ ṿҌ Ȃ 

 (Z ) aZb

H HR =  ō2Ŏ 

 (K ) aKb

dp dpR =  ō3Ŏ 
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Ҭ ZH ZDR№≢ҹZh Zdr ̆
0.1

Z 10 hZ

H = ̆
0.1

Z 10 drZ

DR= ̆ῒ

ҬZh Zdr№≢ҹ ⌠ № ̆ ᵝ№≢ҹ dBZ dBȂ 

ץ QPE ԍ ץ ⌠ Ḥ ׆̆ ץ Ȃ

QPE῏ Ὲ Ҭ aȁbȁc ̆ ҉ ‗ Ȃ

≠ ԍ Z9755 ZSE01 QPE῏ Ȃ 

└ ҉̂Tokay̆ et al̆ 2013̃ ̆≠ T

⌠ ̂Waterman̆ 1965̃ ̆ ѿ 1 №

ZH̆ZDR Kdp̆ ת ҩ Ḥ ̆ 1 № Ȃ ̆≠

ԋӗ ⌠ ԍ Z9755̂ S ̃ ZSE01̂ X ̃ QPE῏

̆ 3Ȃ 

3 ≠ ת ⌠ S X QPE῏ ṿ 

Table 3 Parameters for QPE estimators of S-band and X-band radar using disdrometer 

 ῏  a b c 

S  R(ZH) 0.0055 0.855 \ 

R(Kdp) 47.1 0.774 \ 

R(ZH, ZDR) 0.0085 0.92 -5.24 

R(Kdp, ZDR) 73.07 0.898 -1.366 

X  R(ZH) 0.03468 0.5869 \ 

R(Kdp) 14.93 0.83 \ 

R(ZH, ZDR) 0.00614 0.959 -3.671 

R(Kdp, ZDR) 22.56 0.91 -0.859 

⌠ QPE῏ Ὲ῀ף ̂2̃-̂5̃̆≠ ת 1№ ZH̆

ZDR Kdp ῒᵀ ̆ ҍ ת 1№ Ȃ 5 ᶏ

S QPE῏ S ZH̆ZDR Kdp ⌠ ҍ

ת 1№ Ȃ ץ ⌠̆≠ Ẓ QPE῏ R̂ZH̃

̆ ̆ᴪ Ҍ ̆ ̂ 5̂ã ̃̆ ҹ

Һ ₮ ԍ 5mm/h ̆ Ẓ ⌠ ᵀ 8Ṑ ᵞᵀ 1/3̕

Ẓ Kdp̆ ZDR̆ ץ Ḥ ̆ ̆QPE

̆ῒ ̆ ῏ ȂῒҬᶏ ѿ R̂Kdp̃῏ Ẓ

QPE῏ Ҭ ̆ᵖῒ ῏ Ӟ ⌠ ̆҉ץ0.96 ԍ 50mm/h ᵀ Ẓ Ҍ

50%̂ 5̂c̃̃̆ ᶏ ⌠ԅңҩ R̂ZH̆ZDR̃ R̂Kdp̆ ZDR̃῏

̂ 5̂b̃ ̂d̃̃̆ң ῏ ⌠ ̆҉ץ0.99 ᵀ Ȃ
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֓῏ ׆ ҉ ԅ ᶏ ῏ ץ ⌠ ᶃ ȂX

̂ 6̃ҍ S ᵌӞ ̆ ԍᶏ Ẓ QPE῏ R̂ZH̃ῒ

̆ ̆ ⱴ ̆ῒᵀ ‰ Ҋ Ȃ ҈ Ẓ QPE῏

̕Ҍ ↕ ԍ̆ ԍ X ̆R̂Kdp̃ ῏ ᴨԍ R̂ZH̆ZDR̃Ȃ 

 

ᶏת 5 3Ҭ S ῏ S

1№ ҍ ת 1№ ̂ã R(ZH)̂̕b̃
R(ZH,ZDR)̕ ̂c̃R(Kdp)̂̕d̃R(Kdp,Zdr) 

Fig.5 Frequency scatter plots of 1-minutes rain rate observed by disdrometer versus different 

QPE estimators using the S-band simulated radar observational variables and  parameters  listed in 

Table 3: (a) R(ZH), (b) R(ZH,ZDR),(c) R(Kdp), and (d) R(Kdp,Zdr) 
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6 5̆ᵖҹ X  

Fig.6  Same as Fig.5, but for X-band radar 

2.2.3  

5 6 ᶏ QPE῏ ҉ ץ ⌠ ᴨ ̆ ᶏ

QPE ⌠ ᴨ ҉ Ȃ׆ ҉ ̆ ῏ Ҭ Ẓ ῏ ̆ ῒ

R̂Kdp̆ ZDR̃ R̂ZH̆ZDR̃῏ Ȃᵖ≠ QPE ̆ ԍ ⌠

̆ Ҍѿ ҍ ѿ Ȃ ҹ Ҭ̆ ̆ Kdp

ZdrḤ ̆ ԍ 0̆ ̆ ’Ҋᶏ Ẓ ῏ ᴪ֟ Ȃ

̆R̂ZH̃῏ ԍ Zh ̆ ҬӞҌ 0̆ғ Ẓ

̆ Zh ҹ‰ ̆ R̂ZH̃῏ ҹ Ȃ Chandrasekar ̂1988̃

₮̆ Ҭ̆R̂ZH̆ZDR̃ Ҍ R̂ZH̃῏ ̕R̂Kdp̃῏ Ҭ

Ҭ ᴨԍ R̂ZH̃῏ ̆ᵖ Ҭ̆R̂Kdp̃ ῏ ̂Chandrasekar̆ et al ̆

1990̕ Matrosov̆ et al̆ 2006̃ ̕Ryzhkov ̂1995̃ ₮̆R̂Kdp̆ ZDR̃῏ ᴨלҺ

Ҭ⌠ ᵀ ‰ Ȃ 

ԍ҉ ̆ Ẓ Ḥ ‗ Ȃ Ẓ Ḥ ’Ҋ̆

ᶏ Ẓ ῏ ̆ Ẓ Ḥ ’Ҋ̆ Ẓ ῏ ᴪ֟
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̆ғ ԍ ׆0̆ ֟ ̕ ̆ Ẓ ῏ ↕ ҹ Ȃ ̆

ץ ᶏ Ҍ ץ ῏ ᴨ ᾧῒ ̆ QPE‰

Ȃ 

7 ᶏ ̆ ѿҩ ̆ ∞ Ẓ Ḥ

ᶏ ᵥ ῏ QPÊ Tompson̆ et al̆ 2018̃ ȂKdp Zdr ∞ ҹῒ

̆ ↕ ҹῒḤ Ȃ Kdp ̂ ̃ ̆ᶏ ҍ Kdp ῏̂ ῏̃

QPE῏ ̕ Zdr ̂ ̃ ̆ᶏ ҍ Zdr ῏̂ ῏̃ QPE῏ Ȃ ץ

̆ᶏ Ẓ ῏ ץ QPE‰ ̕ ̆ ⁞ Ẓ

̆Ḡ QPE ‰ Ȃ 
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Fig.7 Flow chart of radar blend QPE method 

2.3 QPE ᵆ  

ץ қ ꜚ 1 ҹ ‰̆ QPE֟ ᵀȂ ᾢ

QPE֟ 1 ̕ ̆ Ḥ ̆ QPE֟ ᵀ

ҍ ̆ ҍ QPE֟ ῒ 8 ҩ

ᵀ ṿᵬҹ QPE֟ ᵝ ᵀ ṿ̕ ̆  QPE֟

1 ԍ 0.1mm ᵀȂ 

ᵀ ῏ ̂CC̃̆ ̂RMSẼ ̆ ̂RMAẼ

̂RMB̃̆ῒ ӈ№≢ Ὲ ̂6̃-̂9̃Ȃ 

 
2 2

1,N 1,N 1,N

( )(g ) / ( ) (g )k k k k

k k k
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⌠ԅ R̂ZH̃῏ Ḥ ̆ᵖ R̂ZH̃῏ ᵞᵀ ֟ Ȃ

ԍ ᵞ ᶏ ⌠ԅ R̂ZH̃῏ ̆Ҍ R̂ZH̃῏

Һ ᵣ Ҭ̆ Ҭ̆Ҍ ᶏ ᵥ R̂ZH̃ ̆ῒ Ẓ Ȃ 

 

8 1 ҍ ̔̂ã ԍ
R(ZH)῏ ̕ ̂b̃ ԍ R(ZH,ZDR)῏ ̂̕c̃ ԍ R(Kdp)῏ ̂̕d̃ ԍ R(Kdp,ZDR)῏ ̕

̂ẽ Ȃ 

Fig.8 Frequency scatter plots of 1-hour rainfall observed by rain gauges versus different QPE 

method: (a) based on estimator R(ZH), (b) based on estimator R(ZH,ZDR),(c) based on estimator 
R(Kdp),  (d) based on estimator R(Kdp,ZDR), and (e) blend method 
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׆ ᵀ ҉ ̂ 4̃̆R̂ZH̃ R̂ZH̆ZDR̃ CC ԍ R̂Kdp̃ R̂Kdp̆

ZDR̃̆ ԍ ң Ҍ ̆ᶏ CC ᵞ̕ ᵣ RMSE↕

R̂ZH̃ȁR̂ZH̆ZDR̃ȁR̂Kdp̃ ȁR̂Kdp̆ ZDR̃ᶭ ⁞ ̆ ԅ ῀ Ẓ

ԍ QPE‰ ᵬ ̆ Ӟ ץ ⌠ҍ Kdp ῏ QPE῏ ῒ RMSE ̆ ҍῒ

ᵀ ҹ‰ ῏Ȃ RMAE RMBҬ̆↕ ҍ Zdr ῏ ῏ Ȃ

ҩ ᵀ ԅ RMBҌ R̂ZH̆ZDR̃ R̂Kdp̆ ZDR̃ ̆ῒᵩ

ᴨԍᴋᵥѿ ѿ ῏ ̔ᵣ ѿ CC ̆ᵣ RMSE

RMAE ̆ ԅ ᴨԍ҉ץ ₃ ѿ῏ QPE Ȃ 

4 ZSE01 ῏ ҍ  

Table 4 Statistical indexes of hourly rainfall observed by rain gauges versus different QPE estimators 

using ZSE01 radar 

῏  CC RMSE RMAE RMB 

R(ZH) 0.863 5.161 0.778 -0.633 

R(ZH, ZDR) 0.849 4.438 0.439 0.043 

R(Kdp) 0.836 4.230 0.576 -0.189 

R(Kdp, ZDR) 0.830 3.989 0.493 -0.066 

 0.914 3.026 0.364 -0.141 

 

̆ Ҍ ҩᶛҬ QPE ᵀ № ץ̆ ᵀҌ Ҍ ҩ
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⌠ ̂Ҍ ף̃ ҩᶛ ̆↕

‰ ̂ ᵞ̃Ȃᵖ Ҍ Ҍ ̆ CC ̆R̂ZH̃

ҹ ̆ῒ R̂ZH̆ZDR̃῏ ̆ R̂Kdp̃ R̂Kdp̆ ZDR̃↕ Ҍ ̆ Ҍ ҩ

ᶛ ᴟ ȂRMSE↕ ̆R̂Kdp̃ R̂Kdp̆ ZDR̃ ҹ ̆ R̂ZH̃

R̂ZH̆ZDR̃↕ ꜚ ̆ ҍ R̂ZH̃ R̂ZH̆ZDR̃ ᵀ ᵞ ῏Ȃ

RMAE ↕ R̂ZH̃ ̆R̂Kdp̃ ȁR̂Kdp̆ ZDR̃ R̂ZH̆ZDR̃ᶭ Ȃ ԍ

R̂ZH̃ ᵣᵞᵀԅ ̆ RMB ҹ ṿ̆ ῒ₃ז 0 ꜚȂ ѿ

ᵣ ԅ ᴨ ̆ ץ ⌠

Ҍֽ ԍ ᴨ̆ғῒ Ҍ ҩᶛӊ ꜚ ̆ Ҍ ҩᶛ Ȃ 
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9 Ҍ ҩᶛ ̔̂ã CĈ̕b̃RMSE̕ ̂c̃
RMAÊ̕d̃RMBȂ Ҭ ҹ ᴍ Ȃ ̆ ̆ ̆

№≢ ԍ R(ZH)ȁR(ZH,ZDR)ȁR(Kdp)ȁR(Kdp,ZDR) № 

Fig.9 Time series of statistical indexes of different test cases: (a) CC, (b) RMSE, (c) RMAE, and 

(d) RMB. The yellow, blue, green, red and black lines indicates performance of R(ZH), R(ZH,ZDR), 

R(Kdp,Zdr), R(Kdp,ZDR)  and blended-method, respectively 
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