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Quantitative evaluation of radar reflectivity and rainfall intensity relationship
parameters uncertainty using Bayesian inference technique
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Abstract

Recently, weather radar system has been widely used for effectively monitoring near real-time weather conditions. The radar rainfall
estimates are generally relies on the Z-R equation that is an indirect approximation of the empirical relationship. In this regards, the bias
in the radar rainfall estimates can be affected by spatial-temporal variations in the radar profile. This study evaluates the uncertainty of
the Z-R relationship while considering the rainfall types in the process of estimating the parameters of the Z-R equation in the context
of stochastic approach. The radar rainfall estimates based on the Bayesian inference technique appears to be effective in terms of
reduction in bias for a given season. The derived Z-R equation using Bayesian model enables us to better represent the hydrological
process in the rainfall-runoff model and provide a more reliable forecast.
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Table 1. Various types of Z-R relationships for different rainfall types

Rainfall type Z-R relationship
Stratiform rainfall (Marshall and Palmer, 1948) | Z=200x R'®
Convective rainfall (Fulton et al., 1998) Z=300x R™*
Tropical rainfall (Gochis et al., 2015) Z=32x R"%
Thunderstorm rainfall (Jones, 1956) Z=486 < R
Orographic rainfall (Blanchard, 1953) Z=31xR"™
Warn rainfall (Rosenfeld et al., 1993) Z=230 < R*%
Hurricane rainfall (Jorgensen and Willis, 1982) | Z=300x &'
Snow rainfall (Carlson and Marshall, 1972) Z=2000x R*"
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Table 3. Seasonal rainfall amounts at each station (unit: mm)

819

. Season . Season . Season
Rainfall Rainfall Rainfall
JJIAS NDJF JJIAS NDJF JJIAS NDJF
Seosan 814.2 158.8 Gochang 505.6 120.7 Buan 699.4 176.0
Daejeon 813.8 147.6 Cheonan 773.4 123.4 Imsil 855.9 157.8
Gunsan 758.2 165.0 Boryeong 737.8 151.2 Jeongeup 822.0 182.7
Jeonju 789.2 152.8 Buyeo 797.8 157.4 Namwon 801.6 145.2
Gwangju 832.9 184.5 Geumsan 790.4 142.1 Jangsu 918.7 179.4
2011; Zhang et al., 2015). TFA] 2 Aol A= 0 dBZ2H0 mm 1 &
=2 = =11 o o RMSE: Y (C;’n_Rn)2 (10)
£ 25k dlold WA A= ot AV A edS e s st
A& RSt
1 N
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Nn, =1
3. g
2 ApAA Aok el el AF5) It
SASHRoI M= 2 o] A o F(good-of-fit) B 2 o] 7] &0l AFSEAL Q= Z-R TAA O BAA BT
@ /d'5(model performance)= Tsl7] 9J5to] BAH 8&  HESISIT Tables 4~70014] 1 & 4= Q0] @A Z-23 7}
7122 B Ut 2 ATl AJSHEZR BAALS. e 79-go] AR E| T Gl 7R AL HarEel 7
B AP E lole 4] TAA ol 2 Atde A G5 WA A4 = AR AVHE mEstal IR
2 0 2 HZotAt 2| Al4x(index of agreement, [oA), B+t AT A T E| = 7R ekt u] WA Aleet @ 2p7t waty]
A 2 *Hmean absolute error, MAE), Al HZ2 2Kroot o] Q1.0 2 7|(JJAS)2} ZAZI(NDJF)o -2 o] 743
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lIoA= 0~19] RIS1E 7HAH 19| 7P7ha5 /50 4=t} oleh o] 7]E Z-R PAAS T Ao 427
$4EE oolSlo] MABE BEAR BY AT 029 E 9ol WEY ZHg nejgr) Betdao] 2 A0 2 wos)
Jgto] o 2 A AOR 0o 4R S50k bl B AT ANSHE Lot o] $719} A7) 2 TRl
olu| gt Willmott et al., 1985). RMSE®} Bias= TEA1= EAS AFH O E AN ot= 2 E L 585y
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Table 4. oA of the existing Z-R relationship ( | is stratiform and Il is convective)

IoA JJAS NDIJF IoA JJAS NDIJF IoA JJAS NDIJF
Z-R Eq. 1 I 1 I Z-R Eq. I I I I Z-R Eq. I I I I
Seosan 0.69 | 0.68 | 0.48 | 0.49 Gochang 0.80 | 0.79 | 0.50 | 0.53 Buan 0.75 | 0.74 | 0.51 | 0.53
Daejeon 0.70 | 0.71 | 0.53 | 0.54 Cheonan 0.62 | 0.62 | 0.48 | 0.49 Imsil 0.79 | 0.78 | 0.55 | 0.56
Gunsan 0.69 | 0.67 | 0.44 | 0.45 Boryeong 0.80 | 0.77 | 0.47 | 0.48 Jeongeup 0.73 | 0.71 | 0.49 | 0.51
Jeonju 0.73 | 0.72 | 0.53 | 0.54 Buyeo 0.78 | 0.77 | 0.43 | 0.44 Namwon 0.69 | 0.68 | 0.55 | 0.57
Gwangju 0.78 | 0.77 | 0.52 | 0.53 Geumsan 0.73 | 0.72 | 0.52 | 0.54 Jangsu 0.71 | 0.70 | 0.46 | 0.48
Table 5. MAE of the existing Z-R relationship (| is stratiform and Il is convective)
MAE
(s JJAS NDJF MAE JJAS NDJF MAE JJAS NDJF
Z-R Eq. 1 I 1 I Z-R Eq. I I I I Z-R Eq. 1 I I I
Seosan 2.25 | 220 | 2.03 | 1.95 Gochang 190 | 1.94 | 1.27 | 1.21 Buan 1.96 | 1.91 | 1.59 | 1.51
Daejeon 1.97 | 1.91 | 2.06 | 1.97 Cheonan 2291219 | 1.79 | 1.71 Imsil 1.87 | 1.80 | 1.67 | 1.58
Gunsan 2.06 | 2.04 | 1.66 | 1.59 Boryeong 1.99 | 2.00 | 1.70 | 1.63 Jeongeup 2.10 | 2.07 | 1.52 | 1.45
Jeonju 2.16 | 2.11 | 1.76 | 1.68 Buyeo 1.98 | 1.96 | 2.33 | 2.24 Namwon 2.06 | 2.00 | 1.75 | 1.65
Gwangju 2.08 | 2.06 | 1.76 | 1.69 Geumsan 1.90 | 1.87 | 1.86 | 1.78 Jangsu 2.07 | 2.00 | 2.02 | 1.93
Table 6. RMSE of the existing Z-R relationship ( | is stratiform and Il is convective)
(%/S}E) JJAS NDJF RMSE JJAS NDJF RMSE JJAS NDJF
Z-R Eq. I I I I Z-R Eq. I I I I Z-R Eq. I I I I
Seosan 5.18 | 5.13 | 3.51 | 3.42 Gochang 432 | 426 | 2.45 | 2.38 Buan 4.17 | 4.16 | 2.68 | 2.58
Daejeon 427 | 4.00 | 3.52 | 3.43 Cheonan 452 | 444 | 2.85 | 2.76 Imsil 4.02 | 3.92 | 2.84 | 2.75
Gunsan 492 | 490 | 3.05 | 2.97 Boryeong 427 | 437 | 3.23 | 3.15 Jeongeup 451 | 452 | 2.64 | 2.56
Jeonju 445 | 434 | 291 | 2.82 Buyeo 3.87 | 3.88 | 4.08 | 3.98 Namwon 445 | 438 | 2.85 | 2.74
Gwangju 432 | 431 | 331 | 3.24 Geumsan 3.87 | 3.86 | 2.99 | 2.89 Jangsu 4.15 | 4.09 | 343 | 3.33
Table 7. Bias of the existing Z-R relationship (| is stratiform and II is convective)
Bias . .
i) JJAS NDJF Bias JJIAS NDJF Bias JJAS NDJF
Z-R Eq. 1 I 1 I Z-R Eq. I I I I Z-R Eq. 1 I I I
Seosan 1.71 | 1.54 | 1.88 | 1.75 Gochang 1.00 | 0.87 | 1.21 | 1.09 Buan 1.34 | 1.19 | 1.53 | 1.41
Daejeon 1.29 | 1.13 | 1.96 | 1.84 Cheonan 2.08 | 1.89 | 1.75 | 1.63 Imsil 1.44 | 1.30 | 1.60 | 1.46
Gunsan 1.35 | 1.21 | 1.60 | 1.49 Boryeong 1.14 | 1.00 | 1.59 | 1.47 Jeongeup 1.65 | 1.49 | 1.42 | 1.30
Jeonju 1.43 | 1.29 | 1.65 | 1.52 Buyeo 1.30 | 1.15 | 2.13 | 2.00 Namwon 1.51 | 1.35 | 1.67 | 1.54
Gwangju 1.29 | 1.15 | 1.67 | 1.55 Geumsan 1.30 | 1.12 | 1.67 | 1.53 Jangsu 1.77 | 1.60 | 1.97 | 1.84
Foll 9101 18T 4 P ot ARE SRV ACR BT 0n 2 AHI Z-R TAA] B AS Table 8] BefahAck
SEAL 790 AE/AdS ]t Z-R TAA O] w7 E AHY Fig. 3014 He1gh 4= Ql5z0] 9719k 2171 9] Z-R A A w7
stet. ol XM 0 2 A Aol S Kol 1 QOB E 49e]
=0 AHPAS Fig. 30 T4 9] 2719k 7471¢] AEAE AR Z-R BAA] vi7| A AP 2 B R o =
Bayesian 7|4F Z-R ¥A| A mI7f A AR RZE EAISHE AL Bayesian T-271542 B85t 34 € Z-R A4
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Fig. 3. Boxplots of the posterior distribution of the Bayesian Z-R relationship parameters
Table 8. Parameters of Z-R relationship and their credible intervals for JJAS and NDJF season
Season JIAS NDIJF
o I6) @ B
Z-R Eq.
2.5% 50% 97.5% 2.5% 50% 97.5% 2.5% 50% 97.5% 2.5% 50% 97.5%
Seosan 122.3 137.7 153.7 3.95 426 4.65 42.82 56.94 70.95 3.79 4.62 5.93
Daejeon 130.1 144.3 159.7 4.08 4.47 4.84 48.16 61.01 75.05 3.27 3.84 4.80
Gunsan 120.0 134.4 149.7 4.15 4.52 4.93 67.05 79.76 93.51 2.47 2.80 3.23
Jeonju 112.9 128.4 144.2 4.57 499 5.54 52.17 66.95 82.03 3.40 4.10 5.27
Gwangju 123.5 139.0 153.7 4.37 4.74 5.23 64.32 79.42 93.59 3.15 3.59 4.17
Gochang 68.3 88.2 105.8 5.66 6.89 9.26 67.91 82.92 97.90 2.52 2.89 3.42
Cheonan 143.7 157.6 173.2 3.00 3.20 3.43 47.33 61.93 75.89 2.87 3.56 4.71
Boryeong 109.5 125.1 141.1 4.70 5.24 5.86 53.48 67.05 82.16 3.25 3.80 4.62
Buyeo 127.0 142.7 157.3 4.26 4.63 5.12 37.67 52.41 67.46 4.10 4.99 6.84
Geumsan 127.6 144.4 160.2 4.26 4.65 5.23 45.65 61.17 77.79 3.88 4.70 6.49
Buan 117.7 133.7 149.7 4.22 4.63 5.07 69.79 83.31 97.94 2.79 3.20 3.74
Imsil 149.5 163.6 178.8 3.64 3.89 4.16 64.02 78.85 93.83 3.07 3.54 4.21
Jeongeup 131.2 146.3 162.1 3.81 4.12 443 70.22 83.68 97.59 2.95 3.37 3.97
Namwon 132.1 146.8 162.3 3.84 4.14 4.52 56.82 70.08 84.37 3.21 3.74 4.46
Jangsu 153.5 168.9 183.7 3.35 3.56 3.80 61.19 73.46 86.43 2.86 3.27 3.90
I SRR Ol S AR QUASR NS & FEI PIZR WA A K RES 01851
H Qe 7R B4 2 A - o] mivi e et o A ol gt A Ao AR AE
Z=2]2 0 2 2o/t QoW u g o 0] A9 2lo] L A|FH ATo]c) Bayesian WS Soto] A i w
O HEI Z AL BT S It o]l F P 7|2 ZR oA FEIE SRR o)5]7] W] s wele] iy
WAL A9 B 343 D FAFS AFotI ZR WSS ol gkl Atele Fefe] elole] Z9e et
A AL AR R0 2 Sl 295 S gl Ao glom] thiRe] S48 5.:87]%2 Tables
/do] el=iih= 8H 6] tha& ofnlohH e o= Q= o] 4~70] AXH 7]E2] Z-R TA A e vlsto] 7 == e 5
o FHALE Zbs 2™ E o] A|gH o] 7] tfE 0 = AtR H T, A = Qlrt A4 0 2= RMSE ¥ Bias®| 7R =77
Fig. 4 and Table 9= & Ao 4| A|2}5}+= Bayesian 4 ZF 95t ToA 2 MAES] /i &3 SIS T
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Fig. 4. Boxplots of basic statistics for Bayesian model based Z-R relationship
Table 9. A comparison of basic statistics for Bayesian model based Z-R relationship
Season JJAS NDIJF
Stafistics oA MAE RMSE Bias oA MAE RMSE Bias
(mm/hr) (mm/hr) (mm/hr) (mm/hr) (mm/hr) (mm/hr)
Seosan 0.70 2.63 5.36 -0.52 0.59 2.06 3.05 -0.45
Daejeon 0.64 2.46 4.93 -0.71 0.66 2.04 3.74 -0.61
Gunsan 0.69 2.64 4.82 -0.63 0.49 1.92 4.33 -0.76
Jeonju 0.68 2.60 4.29 -0.33 0.70 1.75 2.53 -0.69
Gwangju 0.75 2.65 4.32 -0.51 0.73 1.80 3.09 -0.71
Gochang 0.51 3.01 5.18 -0.31 0.73 1.68 2.94 -1.15
Cheonan 0.82 2.30 4.31 -0.73 0.68 1.74 2.40 -0.59
Boryeong 0.67 2.67 4.75 -0.46 0.54 2.03 3.74 -0.80
Buyeo 0.76 2.43 3.83 -0.55 0.50 2.15 343 -0.22
Geumsan 0.70 2.39 3.83 -0.57 0.64 1.87 2.60 -0.67
Buan 0.74 2.46 4.08 -0.61 0.71 1.75 2.65 -0.78
Imsil 0.60 2.39 9.29 -1.00 0.76 1.72 2.71 -0.80
Jeongeup 0.80 2.46 4.06 -0.56 0.61 1.70 2.98 -0.83
Namwon 0.73 2.49 4.35 -0.66 0.71 1.69 2.85 -0.77
Jangsu 0.73 2.32 5.50 -0.73 0.68 1.81 3.19 -0.49
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Fig. 5. Bayesian inference-based seasonal posterior prediction uncertainty of Z-R relationship
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Fig. 6. Quantitative precipitation verification of Bayesian model based Z-R relationship
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