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Abstract

The study adopted extended Kalman filter technique in an effort to predict Z-R relationship parameter as
a stable value in real-time. Toward this end, a parameter estimation model was established based on extended
Kalman filter in consideration of non-linearity of Z-R relationship. A state-space model was established based on
a study that was conducted by Adamowski and Muir (1989). Two parameters of Z-R relationship were set as
state variables of the state-space model. As a result, a stable model where a divergence of Kalman gain and state
variables are not generated was established. It is noteworthy that overestimated or underestimated parameters
based on a conventional method were filtered and removed. As application of inappropriate parameters might
cause physically unrealistic rain rate estimation, it can be more effective in terms of quantitative precipitation
estimation. As a result of estimation on radar rainfall based on parameters predicted with the extended Kalman
filter, the mean field bias correction factor turned out to be around 1.0 indicating that there was a minor
difference from the gauge rain rate without the mean field bias correction. In addition, it turned out that it
was possible to conduct more accurate estimation on radar rainfall compared to the conventional method.
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Table 2. Equations of System and Measurement Error Covariance
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Table 3. Characteristics of the Six Events (S: Stratiform, C: Convective, J: Jangma or monsoon, T: Typhoon)

. Maximum value
Event Period Type - - .
Rain gauge rain rate (mm/hr) | Reflectivity (dBZ)
#1 2010.07.11 00:00 - 2010.07.11 23:50 J/C 63.8 477
#2 2010.07.15 00:00 - 2010.07.17 23:50 C 95.6 47.3
#3 2010.07.27 00:00 - 2010.07.28 23:50 J/S 75.2 46.3
#4 2010.09.05 00:00 - 2010.09.07 23:50 T 73.6 476
# 2011.06.25 00:00 - 2011.06.26 23:50 S 67.2 42.2
#6 2011.07.09 00:00 - 2011.07.09 23:50 J/S 31.2 43.6
-20 o dZBOZ 40 60 -20 [s] dZBOZ 40 60 -20 o dZBOZ 40 60
(a) Event#l (b) Event#2 (c) Event#3
B0 %10 Hao| 95
20 () dZBOZ 40 60 20 [ dZBOZ 40 60 -20 o dZBUZ 40 60
(d) Event#4 (e) Event#5 (f) Event#6
Fig. 2. Scatter Plots for the Radar Reflectivity (dBZ) and Rain Gauge Rain Rate (dBR)
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Fig. 3. Box-Whisker Plots for Parameters A and b (EO1 in this figure at the x—axis denotes the Event#01)

Table 4. Statistical Characteristics of Parameters A and b

A log A b Cov.
Event - :
Min. Max. Mean CV Var. Min. Max. Mean CvV (01064, 1)
#1 2.1 200.0 39.9 1.04 0.493 1.21 6.00 1.97 0.35 -0.389
#2 3.8 232.2 91.6 0.55 0.101 1.04 2.29 1.50 0.17 -0.074
#3 7.1 533.0 111.8 0.89 0.197 0.78 2.79 1.61 0.21 -0.108
#4 7.6 456.2 76.5 0.91 0.127 1.26 2.85 1.69 0.14 -0.038
#5 1.8 200.0 37.8 1.48 0.234 111 3.70 1.67 0.19 -0.080
#6 15 200.0 22.3 0.78 0.065 1.27 3.42 1.60 0.17 -0.063
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Table 5. Mean Field Bias and RMSE for the Radar Rain Rate Estimated

. o7t |y #2 “ 4 5 #6
Criteria
M-P 2.97 2.40 283 2.90 554 5.04
Bias LSM 1.10 105 113 107 111 108

EKF

1.08

1.16

1.07

1.05

1.09

1.09

RMSE
(mm/hr)

M-P

6.70

6.06

5.45

4.37

5.80

9.72

M-P (G/R)

7.16

6.15

6.16

4.65

5.71

8.80

LSM

8.98

6.43

6.58

479

5.83

8.78

EKF

6.35

6.02

6.56

4.54

5.58

8.66
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