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Study on rainfall field construction based on rain gauge-microwave data fusion

Ou Sicheng', Shi Xiaowei', Liu Daojun', Xu Weili', Yang Tao’
(1. China Yangize Power Co. , Lid. ; 2. Institute of Water Science and Technology, Hohai University)

Abstract: To address the problem that traditional interpolation methods are difficult to effectively fuse rain gauge and microwave link
rainfall observation data, a collaborative reconstruction framework for rainfall fields based on a stochastic hybrid Whittaker-Shannon
algorithm was proposed. By constructing a synthetic rainfall reference field, the two-dimensional precipitation reconstruction
performance of single-source interpolation of rain gauges and dual-source fusion of rain gauges and microwave data was systematically
compared. At the same time, an image smoothing technique was used to mitigate the problems of excessive noise and lack of
smoothness of the stochastic reconstruction method in rainfall field construction. The results show that the spatial reconstruction
accuracy of the stochastic hybrid Whittaker-Shannon algorithm is significantly positively correlated with the rain gauge density and
microwave link coverage. Moreover, as the number of possible reconstructed fields increases, the accuracy is better; however, when
the number of possible reconstructed fields exceeds 20, the overestimation rate of rainfall extent increases to 80%. The 5X5 mean filter
can reduce the root mean square error by 60% , which is significantly superior to the median filter and other window scale schemes.
Microwave link data have complementary value in enhancing the spatial resolution (up to the 1 km scale) and dynamic representation
capability of rainfall fields, providing a scalable and highly promising technical pathway for real-time data assimilation of urban
hydrological models under the 5G communication context.

Key words: rainfall field construction; stochastic algorithm; microwave link; microwave rainfall attenuation; data fusion; image
smoothing
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Table 1 Accuracy of reconstructed rainfall field based on RM algorithm

it % ERikie VR/mm Sim/mm TR /mm LR/ mm B TR /mm HDGRE
2015-08-23 RG 0.653 0.748 0.095 0.834 2.01 0.382
Ti2; 22 RG+MWL 0.653 0.712 0. 060 0.798 1.86 0.469
2015-08-23 RG 1.773 2.116 0.343 1.219 2.01 0.576
T14: 22 RG+MWL 0.653 2.069 0.296 1.070 1.742 0.657
i %1 A AR TR &S R TS P43 BS 143
2015-08-23 RG 0.737 0.263 0.340 0.534 1.116
T12: 22 RG+MWL 0.776 0.224 0.308 0.577 1.122
2015-08-23 RG 0.951 0.049 0.071 0.886 1.024
T14:22 RG+MWL 0.970 0.030 0.072 0.902 1.046
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Fig. 6 Observed rainfall field and distribution of rain gauge stations
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Table 2 Accuracy of mean rainfall field based on microwave fusion data

i I SRR i ADIRES VR/mm Sim/mm IR ZE/mm EHEXTIREE/mm I TRIRZE /mm AHIEEREL
2015.08.23 B 0. 653 0.712 0. 060 0.798 1. 860 0. 469
T12. 2 S AEMIIE 0.653 0.819 0.167 0.554 1.080 0.676
’ 20 A HEH A H 0.653 0.784 0.131 0. 504 0.944 0.725
2015.08.23 H—F 1.773 2.069 0.296 1.070 1.742 0.657
T14.22 5 ANE A EIE 1.773 2.029 0.256 0.770 1.213 0. 804
) 20 HEAEIIE 1.773 2.024 0. 250 0. 684 1. 062 0. 847
A Y 3 AL ik it # RN & 2 HF TS P4 BS 143
HB—HY 0.776 0.224 0.308 0.577 1.122
20;?'20_82_223 5 AN E A EIE 0. 944 0. 056 0.410 0.570 1.599
’ 20 A HEH A IE 0.977 0.023 0. 461 0.532 1.813
2015.08.23 B 0.970 0.030 0.072 0.902 1.046
T14.92 5 ANEA I E 0.999 0.001 0. 099 0. 900 1.108
’ 20 A EH A E 0.999 0.001 0. 097 0.903 1. 106
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Fig.7 Linear fitting
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Table 3 Accuracy analysis of rainfall field for data smoothing

WY VR/mm Sim/mm SEHIR 22/ mm AT IRZE/mm R IR 2/ mm AHIRREL
HI Tk 12,22 14.22 12.22 14.22 12.22 14.22 12.22 14.22 12.22 14.22 12.22 14.22

20 MEMSIE 0.653 1.773 0.784  2.024  0.131 0.250  0.504  0.684  0.944 1.062  0.725  0.847
WI{EEDE (3x3) 0. 653 1.773  0.779  2.012  0.126  0.239  0.487  0.664  0.905 1.040  0.747  0.853
PIEIEDE (5x5)  0.653 1.773  0.775  2.003  0.123  0.230  0.483  0.655  0.894  1.031  0.754  0.855
FPEDEN (3%3)  0.653 1.773  0.764  2.015  0.111  0.241 0. 481 0.670  0.909  1.044  0.744  0.852
FFEIEN (5%5)  0.653 1.773  0.755 2.006  0.103  0.233  0.472  0.662  0.895 1.036  0.752  0.854

WY iy R TR g e TS P43 BS £
it/ WiRiN 12.22 14.22 12.22 14.22 12.22 14.22 12.22 14.22 12:22 14.22

20 EMIHME 0.977 0.999  0.023 0. 001 0.461 0. 097 0.532  0.903 1.813 1. 106
P{HuEd (3x3)  0.986  0.999  0.014  0.001  0.470  0.097  0.526  0.903 1.860  1.107
PIEDENE (5%5)  0.988 1.000  0.012 0 0.473  0.096  0.524  0.903 1.875 1.106
PP IENE(3x3)  0.982  0.999  0.018  0.001 0.457  0.096  0.537  0.903 1.811 1. 106
TPEDEDE (5%5) 0.983  0.999  0.017  0.001  0.457  0.096  0.538  0.904 1.8l 1.105
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