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Comparison of forecast performance of summer rainstorms over the northern slopes
of the Kunlun Mountains based on multi-model precipitation forecast products

YANG Liu', YANG Xia*, PAN Ning”, YE Xiaoting'
(1. Xinjiang Bayingol Meteorological Bureau, Korla 841000; 2. Xinjiang Meteorological Observatory, Urumgqi 830002)

Abstract: Summer rainstorms on the northern slope of the Kunlun Mountains is highly sudden. This makes forecasting and early warning very
difficult. The performance of model precipitation forecast products in predicting rainstorm in this region remains unclear. Based on precipitation
observation data and multi-source merged precipitation products, this study combines traditional point-to-point verification with the MODE
method to evaluate and compare the forecast performance of ECMWEF, CMA-GFS, and CMA-MESO models for three rainstorm events on the
northern slope of the Kunlun Mountains during summer in 2021-2022. It reveals the differences between the precipitation intensity and spatial
distribution of rainfall areas (location, orientation and area) predicted by the models and the observations.The results are as follows. (1) All three
models tend to overestimate light and moderate rainfall but underestimate heavy rain and rainstorms. The ECMWF model performs better in
capturing moderate and heavy rain, while CMA-MESO shows superior skill in rainstorm forecasting, outperforming CMA-GFS. (2) During
intense and weak rainfall phases of rainstorm events, all three models show higher false alarm and miss rates. This underestimation of torrential
rain intensity primarily arises from the systematic underestimation of precipitation amounts coupled with overestimation of precipitation
frequency. (3) ECMWEF outperforms CMA models in matching 24-hour and 3-hour accumulated precipitation objects with observations.
ECMWE’s 24-hour precipitation objects show a southward and eastward displacement, while CMA models exhibit a southward and westward
bias. All models effectively capture the morphology of precipitation objects but consistently underestimate their coverage area.
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Fig. 1 (a) Study area of the northern slope of Kunlun Mountains, (b) spatial distribution of national and regional stations, and altitude (shaded, unit: m)
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Fig. 2 Spatial distributions of 24-hour accumulated precipitation (unit: mm) of (a) event 1, (b) event 2, and (c) event 3

in the northern slope of Kunlun Mountains from 2021 to 2022
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Table 2 Verification results of three models for 24-h accumulated precipitation during three rainstorm events in the northern slope of
Kunlun Mountains from 2021 to 2022
KA SN COR RE/% RMSE/mm TS FAR MR

ECMWF 0.329 387.0 19.823 0.886 0.112 0.003

WL CMA-GFS 0.051 197.9 22.962 0.847 0.153 0.000
CMA-MESO 0.128 326.8 25.109 0.887 0.082 0.037

ECMWF 0.381 352.6 9.156 0.818 0.163 0.027

W2 CMA-GFS 0.232 -32.7 8.153 0.777 0.212 0.017
CMA-MESO 0.431 -17.4 7.375 0.777 0.157 0.092

ECMWF 0.639 341.0 7.578 0.586 0.412 0.004

o3 CMA-GFS 0.274 204.6 9.640 0.558 0.442 0.000
CMA-MESO 0.539 300.3 8.014 0.633 0.362 0.013
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Fig. 3 Categorical verification results of (a;—a;) COR, (b,—b;) RE, (c,—¢;) RMSE, (d,—d;) TS, (e;,—e;) FAR, and (f;—f;) MR for 24-hour accumulated
precipitation forecasts of ECMWEF, CMA-GFS, and CMA-MESO models for (a,-f|) event 1, (a,-f,) event 2, and (a;-f;) event 3

in the northern slope of Kunlun Mountains from 2021 to 2022.
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