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ABSTRACT 
 

This study proposed a triple collocation (TC) method for data fusion of daily precipitation products (GPM IMERG, 

SM2RAIN and ERA) over Yangtze River basin from 2015 to 2018. The original precipitation products and data 

fusion result were validated using the rain gauge data. Results showed that the data fusion results by TC 

method had better performance compared to the original three collocated inputs, with large correlation 

coefficient (CC) and small root mean square error (RMSE). This study demonstrates the effectiveness and great 

application potential of TC method for data fusion to improve precipitation accuracy. 
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1 INTRODUCTION 

Accurate precipitation estimates are crucial for agricultural irrigation and flood prevention. Data fusion is 
critical to improving the accuracy of multiple precipitation observations for practical applications, however, it 
faces the challenge of poor ground-based observations, especially over the regions where reliable and dense 
rain gauge data is absent or unavailable. Triple collocation (TC) was originally proposed by Stoffelen (1998) to 
assess the error of ocean wind speed products, which provides an efficient way for error estimation without 
knowing the true value and thus has a potential for multiple-source data fusion, while it has not been well 
investigated. Compared to the traditional method (the rain gauge data was used as the ground reference to 
assess the error), TC method can quantify the errors in three independent products without knowing the true 
value (Alemohammad et al., 2015). Since TC method can solve the error statistics of three independent 
measurements without the reliance of gauge observations, it has the potential to be incorporated into data 
fusion/merging algorithms. However, there are very few studies on TC-based precipitation data fusion method 
(Lyu et al., 2020). To fill the aforementioned knowledge gap, this study conducted a comprehensive study on 
data fusion of three precipitation products based on TC method over Yangtze River basin. 

  
2 MATERIAL AND METHODS 

 
2.1 Study area and datasets 

The Yangtze River basin was selected as the study area of this study. The Yangtze River basin is the largest 
river basin in China with a latitude of 24°30' -35°45' N and a longitude of 90°30'-124°30' E. The average 
annual precipitation is approximately 1100 mm. Three independent precipitation products at daily scale over 
Yangtze River basin from 2015 to 2018 were used in this study, including satellite-based 0.1° IMERG 
(Integrated Multisatellite Retrievals for Global Precipitation Measurement), reanalysis-based 0.25° ERA (the 
interim-European Centre for Medium-Range Weather Forecasts ReAnalysis), and soil moisture-based 10 km 
(~0.1°) SM2RAIN (Soil Moisture to Rain-Advanced SCATterometer) precipitation products. The 0.25° ERA 
data was resampled into 0.1° spatial grids to make it comparable. In addition, 737 rain gauge stations with 
daily precipitation measurements from 2015 to 2018 was also obtained and interpolated to 0.1° resolution for 
validation. 

 

2.2 Methods 

TC can be used to quantify the error variance of geophysical variables using three independent 
measurements without the requirement of ground references or “true values” (Lyu et al., 2020). TC method is 
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established based on the mathematical assumptions that three collocated variables have zero mean residual 
errors and are uncorrelated with each other and with the true values. More details can be found in 
Alemohammad et al. (2015). 

A least squares based data fusion method was utilized to calculate the weight of each collocated estimate in 
this study. Based on the TC estimates, the basic function of data fusion is shown as follows: 
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where, 
iP  and 

i  (i=1, 2, 3) represent the ith precipitation estimate and weight of each collocated estimate, 

respectively; 
fP  is the desired fused precipitation estimation; 

i
 P  represents the standard variance estimated 

by TC.  

 
3 Results and discussion 

 

Compared to IMERG data (Table 1), ERA and SM2RAIN had better performances. ERA had the largest CC 
and SM2RAIN had the smallest RMSE. It is because that the SM2RAIN approach is very good in obtaining 
low RMSE values owe to its capacity to accurately reproduce accumulated rainfall consistently over time. Data 
fusion results by TC method had better performance (CC=0.61, RMSE=6.11 mm) when compared to the 
original three collocated inputs. It indicates the effectiveness of the TC-based data fusion method.  

Table 1. Validation results of original three collocated inputs and data fusion results obtained by TC. 

Precipitation data CC RMSE (MM) 

GPM IMERG 0.48 8.70 

SM2RAIN 0.50 6.73 

ERA 0.59 6.95 

DATA FUSION BY TC 0.61 6.11 

  

4 CONCLUSIONS 

A comprehensive study on data fusion of multiple source precipitation products by TC method was carried out 
over Yangtze River basin from 2015 to 2018. ERA and SM2RAIN had better performances when compared to 
the GPM IMERG precipitation product. Data fusion results by TC method showed consistency with rain gauge 
data and had obvious improvement than the original three collocated inputs, demonstrating the effectiveness 
of TC method for data fusion of multiple precipitation products. 
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