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Introduction 
There are three major agencies; Ministry of National Defense (MND), Ministry of Land, Infrastructure and 

Transportation (MOLIT), and Korea Meteorological Administration (KMA), which operate radars to monitor and 

forecast severe weather and flash flood operationally in Korea. For successful implementation of their radars for the 

purpose of operational uses, many researches on rainfall estimation, hydrometeor classification and DSDs retrieval 

are required.  

However, there are few studies on these polarimetric related issues except for getting relationships using long 

period disdrometer data and assessment of each relation after applying a very simple quality control for differential 

phase shift (2014). And the quality control and unfolding of ФDP for calculating KDP were applied to the rainfall 

estimation (2014).  

This study discussed how to improve the accuracy of the rainfall estimation using all polarimetric variables with 

different raindrop shapes and get optimum rainfall algorithm for Korean S-band polarimetric radar. 
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Data and Methodology 

Figure 1. The location of a Bislsan radar (solid rectangle), 

               a POSS disdrometer. 

Figure 2. Histogram of (a) total number concentration      

               and gamma parameters and (b) rain rate    

               calculated using 114,105 samples. 

 Polarimetric variables were calculated using T-matrix 

scattering techniques derived by Waterman (1971) and 

later developed further by Mishchenko et al. (1996). To get 

the variables using DSDs, six rain drop shape assumptions 

were used. 

 The distribution of canting angles of rain drops is Gaussian 

with a mean of 0° and a standard deviation of 7°, which 

have been recently determined by Huang et al. (2008). 

 Drop shape assumptions 

Period Sources 

2011. 6. 25. 0900 LST ~ 6. 26. 1400 LST Changma front and typhoon 

2011. 7. 09. 0000 LST ~ 7. 10. 2200 LST Changma front 

2011. 8. 07. 1800 LST ~ 8. 08. 0300 LST Typhoon 

 Validations 

Results 

Figure 4. The 

occurrence frequency 

of (a) Z with DS1, (b) Z 

with DS3 , (c) Z with 

DS6, (d) ZDR with DS1, 

(e) ZDR with DS3, (f) 

ZDR with DS6, (g) KDP 

with DS1, (h) KDP with 

DS3, and (i) KDP with 

DS6. 

Figure 3. The surface weather chart (a) 0000 LST June 25, (b) 0900 LST  

               June 26, (c), 1200 LST July 9, and (d) 0000 LST August 8 in 2011. 

DS R(Z) R(ZDR) R(KDP) R(Z,ZDR) R(KDP,ZDR) 

DS1 R=0.0273Z0.60 R=0.29ZDR
5.27 R=44.5KDP

0.942 R=0.016Z0.889ZDR
-4.94 R=53.7KDP

0.857ZDR
-1.48 

DS2 R=0.0277Z0.59 R=0.38ZDR
4.87 R=53.3KDP

0.913 R=0.014Z0.852ZDR
-4.08 R=75.2.7KDP

0.855ZDR
-1.98 

DS3 R=0.0277Z0.60 R=0.42ZDR
4.98 R=61.5KDP

0.908 R=0.015Z0.818ZDR
-3.72 R=82.2KDP

0.855ZDR
-1.98 

DS4 R=0.0277Z0.60 R=0.41ZDR
4.98 R=59.9KDP

0.896 R=0.014Z0.844ZDR
-4.06 R=67.4KDP

0.785ZDR
-2.13 

DS5 R=0.0277Z0.60 R=0.40ZDR
5.03 R=56.2KDP

0.897 R=0.013Z0.861ZDR
-4.3 R=84.7KDP

0.840ZDR
-2.38 

DS6 R=0.0280Z0.59 R=0.43ZDR
4.69 R=56.3KDP

0.857 R=0.013Z0.857ZDR
-4.0 R=15.0KDP

0.483ZDR
-0.77 

Table 2. The rainfall relations of R(Z), R(ZDR), R(KDP), R(Z,ZDR), and R(KDP, ZDR) with different raindrop shape assumptions. 

Figure 6. The scatter plots of rainfall obtained by DSDs and  

               (a) R(Z,ZDR) and (b) R(KDP,ZDR) using Z for DS3, ZDR for  

               DS1, and KDP for DS3. 

DS R(Z) R(ZDR) R(KDP) R(Z,ZDR) R(KDP,ZDR) 

  CC RM  
SE CC RM 

SE CC RM  
SE CC RM  

SE CC RM 
 SE 

DS1 0.913 4.705 0.572 6.241 0.875 3.030 0.964 2.965 0.951 3.313 

DS2 0.913 4.709 0.569 6.248 0.861 3.198 0.956 3.272 0.956 3.222 

DS3 0.914 4.704 0.562 6.261 0.861 3.178 0.949 3.523 0.960 3.151 

DS4 0.913 4.706 0.569 6.249 0.828 3.549 0.954 3.334 0.931 3.882 

DS5 0.913 4.706 0.572 6.243 0.849 3.326 0.957 3.210 0.950 3.348 

DS6 0.913 4.713 0.572 6.244 0.795 3.828 0.956 3.239 0.814 5.412 

Table 3. The correlation coefficients and RMSEs (mm) of rainfall obtained by rainfall relations  

              and DSDs. The CC means cross correlation. 

Figure 7. The scatter plot of 

rainfall from gage and (a) 

R(Z,ZDR), (b) R(KDP,ZDR) 

with single raindrop axis 

ratio relation, (c) R(Z,ZDR), 

and (d) R(KDP, ZDR) with two 

raindrop axis ratio relation. 

Figure 8. The scatter plot of (a) R(Z), (b) R(KDP), 

and (c) R(AH) with statistics and the rainfall 

distribution of R(KDP) and R(AH) at 0251 KST on 8th 

August in 2001. 

 R(Z,ZDR,KDP,AH) and R(Z,KDP,AH) were relatively good performance in all rainfall regime. The combination of 

R(Z,ZDR), R(KDP,ZDR), and R(KDP) with rainfall intensity would be an optimum rainfall algorithm if the reference of 

rainfall defines correctly.  

 Regardless rainfall intensity, R(Z,ZDR,KDP,AH) and R(Z,KDP,AH)  obtained by assuming DS3 can be used as a 

representative rainfall relation without consideration of rainfall intensity regime. Especially if the qualified ZDR is 

not available, R(Z,KDP,AH) with DS3 drop shape assumption can be used as an optimum rainfall relation in 

Korea. 

Figure 10. The RMSEs of (a) R(KDP), 

(b) R(Z,ZDR), (c) R(KDP,ZDR), (d) 

R(Z,KDP,AH), and (e) R(Z,ZDR,KDP,AH) 

with raindrop axis ratio relations in 

the three rainfall categories. 
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