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Abstract

A recent increase in extreme weather events and flash floods associated with the enhanced climate variability results in an increase in
climate-related disasters. For these reasons, various studies based on a high resolution weather radar system have been carried out. The
weather radar can provide estimates of precipitation in real-time over a wide area, while ground-based rain gauges only provides a point
estimate in space. Weather radar is thus capable of identifying changes in rainfall structure as it moves through an ungauged basin.
However, the advantage of the weather radar rainfall estimates has been limited by a variety of sources of uncertainty in the radar
reflectivity process, including systematic and random errors. In this study, we developed an ensemble radar rainfall estimation scheme
using the multivariate copula method. The results presented in this study confirmed that the proposed ensemble technique can effectively
reproduce the rainfall statistics such as mean, variance and skewness (more importantly the extremes) as well as the spatio-temporal
structure of rainfall fields.
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Fig. 1. A flow chart for ensemble radar rainfall simulation technique
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stations used in this study
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Table 1. A comparison of basic statistics between original data and augmenting data

Station Mean Standard deviation Skewness
Name Raw Data Augmented Data Raw Data Augmented Data Raw Data Augmented Data
Rainfall Type R G R G R G R G R G R G
Gunsan 5306 | 5.325 | 5.299 | 5.324 | 10.339 | 13.554 | 10.390 | 13.556 | 3.427 | 5.066 | 3.404 | 5.067
Buan 3951 | 3.944 | 3937 | 3.930 | 6.779 | 8.993 | 7.810 | 10.031 | 3.027 | 4.546 | 3.563 | 5.093
Jeonju 2.725 | 2,733 | 2744 | 2.753 | 5.043 | 6.329 | 5.714 | 6.960 | 2.829 | 4.620 | 3.849 | 5.052
Jeongeup 3.810 | 3.819 | 3.740 | 3.745 | 6.870 | 9.178 | 7.869 | 9.951 | 2.615 | 4.835 | 3.252 | 5.343
Buyeo 3374 | 3.381 | 3.355 | 3.357 | 5363 | 7.484 | 5426 | 8.178 | 2303 | 4.448 | 2.251 | 4.879
Boryeong 3.520 | 3.517 | 3.469 | 3.463 | 8.036 | 8.202 | 8338 | 8.786 | 5.412 | 4.657 | 5927 | 5.069
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Table 2. The regression coefficients for deterministic and random
errors using power law functions

Deterministic component Random error

Parameter
«a B 0% 0

Gunsan 0.974686 | 1.000488 | 1.748043 | 0.376307
Buan 0.733263 | 1.096334 | 1.658463 | 0.504952
Jeonju 0.795820 | 1.073015 | 1.642871 | 0.471507
Jeongeup | 0.759665 | 1.076331 1.668885 | 0.492676
Buyeo 0.784063 | 1.079849 | 1.364200 | 0.492726
Boryeong | 0.763742 | 1.080940 | 1.956784 | 0.379122
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Table 3. A comparison of model performance between observation and ensemble mean
Station Name CC NS IoA RMSE (mm/hr) Bias
Gunsan 0.9615 0.9243 0.9803 0.2748 0.0258
Buan 0.9282 0.8574 0.9581 0.3771 0.0649
Jeonju 0.8834 0.7791 0.9338 0.4694 0.0726
Jeongeup 0.9377 0.8706 0.9610 0.3593 0.0608
Buyeo 0.9254 0.8519 0.9609 0.3843 0.0564
Boryeong 0.8854 0.7714 0.9392 0.4775 0.0446
Table 4. A comparison of statistics between observation and ensemble scenarios
Station Amount Mean Median Standard deviation Skewness Max intensity
Name Gauge |Ensemble| Gauge |Ensemble| Gauge |Ensemble| Gauge |Ensemble| Gauge [Ensemble| Gauge |Ensemble
Gunsan 2,029.6 | 2,000.0 5.30 5.16 0.50 0.49 10.39 10.07 3.40 3.43 81.0 79.2
Buan 1,508.0 | 1,453.7 3.94 3.68 0.50 0.46 7.81 6.82 3.56 3.48 70.5 63.6
Jeonju 1,051.0 | 1,023.3 2.74 2.54 0.50 0.24 5.71 4.99 3.85 3.05 45.0 343
Jeongeup | 1,432.5 | 1,388.2 3.74 3.51 0.00 0.22 7.87 6.68 3.25 2.85 58.0 44.9
Buyeo 1,285.0 | 1,238.6 3.36 3.17 0.50 0.48 5.43 5.33 2.25 2.54 335 34.8
Boryeong | 1,328.5 | 1,322.7 3.47 3.31 0.50 0.36 8.34 8.30 5.93 5.98 93.0 83.4
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