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Fig. 1 Location of study area
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Fig. 2 BP neural network model optimized by

particle swarm optimization algorithm
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Fig. 4 Suitability evaluation of GPM at annual and seasonal scales
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Fig. 5 Suitability evaluation of GPM at monthly scale
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Tab. 1 Suitability assessment index of GPM at monthly scale

Aty HERWGET W@z Mxm2E/ %
1 0.189(12)* 0.035(3) —74.976*
2 0.522(10) " 0.022(1) 185. 661
3 0. 693(9) 0. 057(9) —28.117
4 0.976(1) 0.209(7) —7.502
5 0.927(2) 0.222(8) 10. 880
6 0. 751(7) 0. 398(10) * 13. 939
7 0. 850(4) L747(12)" 30. 780
8 0.501(11) 12721 —3.815
9 0.775(5) 0. 300(4) 9.119
10 0. 753(6) 0. 160(5) 78.420°
11 0. 638(9) 0.169(6) 99.671*
12 0.922(3) 0.031(2) 39.165
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Fig. 7 Accuracy evaluation of downscaling precipitation at annual and seasonal scale
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Fig. 8 Accuracy comparisons with original GPM and downscaling GPM at monthly scale
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Fig. 8 (Continued)

B9 MEREREEETMNIERTLL

Fig. 9 Comparison of quantitative evaluation indexes with original GPM and downscaling GPM
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A high-precision spatial downscaling method for remotely sensed precipitation data

in the Luanhe River basin
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Abstract: Accurate acquisition of precipitation data is very important for regional meteorological, hydrological, and water re-

sources research. Precipitation data from meteorological stations are highly accurate, but the application of measured precipitati-
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on data is limited due to the uneven spatial distribution of stations. With the rapid development of satellite remote sensing tech-
nology, a large number of precipitation inversion products have developed. Precipitation products represented by TRMM are
widely used in the fields of meteorology and water conservancy due to their high temporal and spatial resolution. Although re-
mote sensing inversion precipitation products can effectively restore regional precipitation characteristics, there is still a problem
of insufficient spatial resolution for refined water cycle simulation research.

Taking the Luanhe River basin (LRB) as the research area, the applicability of the Global Precipitation Measurement Mis-
sion of 2018 was evaluated. Under the assumption of the unity of the relationship between data of different resolutions in the
model simulation and based on the correlation between precipitation and impact factors that are elevation, latitude, longitude, and
normalized difference vegetation index (NDVI), a product space downscaling model of GPM precipitation based on PSO-BP
(particle swarm optimization-back propagation) was built. GPM precipitation products with a spatial resolution of 1 km in the
LRB were obtained.

In the evaluation of the applicability of GPM precipitation products, the correlation is only 0. 59 at the annual scale. The
correlation is the highest in spring and the lowest in summer at the seasonal scale. The root mean square error is the highest in
summer and smaller in other seasons. The relative deviation values were greater than 0 on all time scales except spring. On the
monthly scale, the correlation was greater than 0.6 in 9 months and reached more than 0. 9 in April, May, and December. As
June to September is the rainy season in the Luanhe River basin, the root mean square error was higher in July and August. The
relative deviations were greater than O in all months except January, March, and April. Through analyzing original GPM and
downscaling of GPM precipitation at different time scales, the correlation between the downscaling of GPM spatial data and the
measured precipitation data increased to more than 0. 85 at the annual and seasonal scales. The relative deviation values were
close to 0 on all scales except winter. Compared with the precipitation measured by original GPM and downscaling GPM, the
monthly correlation mean value increased by 0. 25 and achieved above 0. 8. The mean monthly root mean square error was re-
duced by 0. 16 and the relative error was controlled within =10%.

The original GPM precipitation product can accurately express the precipitation in the LRB. However, there is a phenome-
non of overestimation of precipitation and this is especially obvious in winter. At different time scales, the spatial downscaling of
GPM precipitation based on the PSO-BP model has a higher correlation with the measured precipitation at the station. The root
mean square error and relative deviation were smaller. This indicated that the GPM precipitation product obtained by the spatial
downscaling method established could more accurately express the spatial distribution characteristics of precipitation in the LRB
with higher accuracy.

Key words: Luanhe River basin; downscaling of precipitation; PSO-BP model; GPM
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