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Merge of multi-source precipitation products in
Yalong River Basin of southwestern China based on LSTM
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Abstract: [Objective] With the intensification of global warming, the spatiotemporal pattern of
precipitation has changed, leading to an increase in the frequency and intensity of extreme precipitation
events. As an important basis for the study of watershed hydrological processes, regional precipitation is
constrained by certain geographical environments such as alpine mountainous areas and permafrost glaciers,
which hinders the comprehensive implementation of related detection efforts. Therefore, this paper aims to
propose a framework for optimizing the accuracy of multi-source precipitation, which provides a reference
for precipitation and hydrological simulation in areas with little or no data. [Method] This study took the
Yalong River Basin in the Tibetan Plateau of southwestern China as the research object. Based on the
measured precipitation of 19 meteorological stations and three sets of precipitation data sets such as
ECMWEF re-analysis 5 (ERAS), climate hazards center infraRed precipitation with station data (CHIRPS)
and the high asia refined analysis (HAR), the topographic factors and seasonal characteristics of precipitation
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were introduced. Using the long short-term memory (LSTM) method, a multi-source merged precipitation
machine learning model was constructed, and a set of gridded precipitation data with a resolution of 0.25° x
0.25° from 1981 to 2017 was outputted. [Result] The Pearson correlation coefficient between final output
multi-source merged precipitation product and actual precipitation during the study period increased from
0.43 before merging to 0.82, and the root mean square error decreased from an average of 6.12 to
5.45 mm/d. The average critical success index (Cg;), probability of detetion (Pgpp), and false alarm ratio
(Far) were 0.64, 0.92, and 0.33, respectively. At the same time, based on the final output multi-source
merged precipitation product, the VIC hydrological model was used for hydrological effect analysis, and the
N, RE, and C during the study period were 0.80, 1.39%, and 0.89, respectively. [Conclusion] The above
results indicate that the multi-source merged precipitation machine learning model constructed in this study
can improve the spatiotemporal quality of precipitation products in the Yalong River Basin to a certain
extent, and provide a certain reference for obtaining high-precision precipitation products and conducting
hydrological simulation in areas with little or no data.

Key words: Yalong River Basin; multi-source precipitation; LSTM; merge; accuracy optimization
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Tab. 2 Evaluation results of daily scale accuracy of
multi-source precipitation products

i - .

o r  RE/% RMSE/(mm-d™") SD/(mm-d™)
Precipitation product

ERAS5 0.53 5436 5.47 5.23

CHIRPS 0.39 5.63 7.37 6.53

HAR 0.36 —21.05 5.52 3.38
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HF 25 J 48 7K 23 A 1 S0 B8 K B AR e szl %
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FEARIK, 4543 2 1) HAR 5 SEZ PR B& /KM 6 M Ik,
HEWT HAR J0N RilA A5 30 H AN BE 2 BT IR RS 2
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Tab. 3 Evaluation results of daily scale accuracy of multi-source merged precipitation products in different periods

i Bt Period i NJF Input source r RE/% RMSE/(mm-d™") SD/(mm-d ")
1981—1999 ERAS. CHIRPS 0.83 4.15 3.33 8.64
2000—2017 ERAS. CHIRPS. HAR 0.72 36.87 3.89 15.32
1981—2017 ERAS. CHIRPS. HAR 0.82 7.75 5.45 7.98
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Tab. 4 Four-season accuracy assessment results of MMPP

Z=15 Season r RE/% RMSE/(mm-d") SD/(mm-d™")
# Spring 0.85 125 1.97 4.11
& Summer 083  7.69 4.76 9.89
X Autumn 0.86 451 1.85 5.46
% Winter 0.81 —4.89 0.74 1.12
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Fig. 5 Spatial distribution of multi-year daily mean precipitation based on various precipitation products from 1981 to 2017
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Tab. 5 Daily runoff fitting results of Ertan

Hydrological Station

HF5CHT Bt Research period Naw RE%  C
FEN EL Calibration period (1981—1999)  0.83  1.69 091
ISAIEI EX Validation period (2000—2017) 0.76 099 088
FEAAIT Bt Whole period (1981—2017) 0.80 139  0.89

VE: Ny N R ZH CHiE REL. Notes: Nyq, Nash-Sutcliffe

efficiency coefficient; C, coefficient of determination.
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