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Kriging with external drift (KED) for quantitative precipitation estimation. Acta Meteorologica Sinica , 67(2) .288—297

Abstract A new spatial information statistical method, Kriging with external drift (KED), which merges radar and rain gauge
data to make quantitative precipitation estimation, is introduced and analyzed. The essential of merging radar and rain gauge da-
ta to estimate rainfall is to calibrate the radar with rain gauge data and syncretize the result of the rain gauge records into the ra-
dar detection while keeping the meso and small scale features of radar data. High accuracy, low tempo-spatial resolution rain
gauge data is successfully combined with the low accuracy, high tempo-spatial resolution radar data using the KED interpola-
tion. The covariance function is used to reflect the spatial variance structure, and the spatial continuity of data is fully considered.
As the spatial structure of KED predicted rainfall field is obtained by using variogram. the estimation precision can be improved and the
processing speed can be accelerated by making full use of the spatial relation among the data. The KED method is expected to advance
operational quantitative precipitation estimation. Three methods, namely the radar-based precipitation estimation (RAD) , the variation
adjustment precipitation estimation (VAR ), and the KED estimation, are compared with each other and verified against the rain gauge
data for three representative rainfall cases in Hunan Province. The results show that the mean-square deviation, absolute error and rela-
tive error from RAD are bigger than those from VAR, and those of KED are the smallest. The results from KED agree well with the
rain gauge data. Error frequency calculations for the three methods and the rain gauge data show that KED has the smallest average er-
ror and standard deviation, and the error distribution for KED is located near 0. Moreover, the skewness and kurtosis of KED are the
best, while those of VAR take the second place and RAD performs the worst. The magnitude of the KED calibrated precipitation field
is close to the rain gauge record, meanwhile the precipitation distribution pattern detected by radar was well retained.

Key words Kriging with external drift (KED). Variogram. Radar, Rain gauge
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2 3 PSR G J5 s Y 1 Oy 22
Table 2 Mean-square deviation of 3 different

estimation methods (mm)

3 % (Station) MSE(RAD) MSE(VAR) MSE(KED)
A (Yueyang) 5.4976 4.5012 3.2091
Kb (Changsha) 0.7170 0. 6801 0.6339
I % (Hanshou) 16.9919 10. 4325 8. 4349
24k ( Anhua) 18. 3356 11.2486 9.4563
i Bl (Hengyang) 4. 8792 3. 2567 2.7834
W B (Liuyang) 2.4536 1. 6725 0.9732
#E M (Zhuzhow) 1. 3672 0.9756 0.7832
S #4 7.2472 4. 7465 3.7958
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Table 3 Comparison of rain gange precitation (G) and precipitation estimation from

RAD, VAR, KED during 08:00—09:00 on 13 May, 2002

S5 [ 7K ik R K R K ik % 7K 4k AixbiRzs  AaxbiRZE AR MXTERE MXIRZE MR
(G (mm) (R (mm)  (VM(mm) (K)(mm) (R)(mm) (V)(mm) (K)(mm) (R(¥%) (M%) (K%
Kb 0. 20 0. 1500 0.21 0.1984  —0.0500 0.0100  —0.0016 25. 00 5. 00 0. 80
W 24. 40 16. 7900 24. 01 24.4260  —7.6100  —0.3900 0. 0260 31.19 1. 60 0.11
fii 1l 0.20 0. 6925 0.23 0. 1969 0.4925 0.0300  —0.0031 246. 25 15. 00 1.55
LB 4. 80 3. 0824 4.76 4.8096  —1.7176  —0.0400 0. 0096 35.78 0.83 0. 20
I e 3.30 4. 4922 3.41 3.2928 1.1922 0.1100  —0.0072 36.13 3.33 0.22
I ¥ 4.70 4.0364 4.63 4.7000  —0.6636  —0.0700 0. 0000 14.12 1.49 0. 00
) 0.10 0.1634 0.12 0.0994 0. 0634 0.0200  —0.0006 63. 40 20. 00 0. 60
[ p2 5.30 4. 4859 5.36 5.3039  —0.8141 0. 0600 0. 0039 15. 36 1.13 0. 07
AT 4.70 2.6181 4,65 4.7 —2.0819  —0.0500 0. 0000 44,30 1.06 0. 00
R 0.10 0. 0652 0.12 0.1003  —0.0348 0. 0200 0. 0003 34. 80 20. 00 0. 30
Hb IR 13. 60 10. 9510 13.59 13.5990  —2.6490  —0.0100  —0.0010 19.48 0.07 0.01
I 0. 80 0. 6885 0.79 0.8078  —0.1115  —0.0100 0.0078 13. 94 1.25 0.97
%5 B 1.50 2. 0377 1.66 1.4653 0.5377 0.1600  —0.0347 35.85 10. 67 2.31
i e 4. 20 4, 3828 4. 26 4, 2007 0.1828 0. 0600 0. 0007 4,35 1.43 0.02
R 1. 30 0.8567 1.35 1.2970  —0.4433 0.0500  —0.0030 34.10 3.85 0.23
-1 / / / / —0.9138  —0.0033  —0.0002 43. 60 5.78 0. 49
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