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Fig. 1 Violin plots depicting the distribution of 3-hourly
observed precipitation amount (a), precipitation station
counts (b), and precipitation averaged by station counts
(c¢) grouped by different elevation levels in Jilin Province
during the cold vortex days from 2021 to 2023
(The red circles represent the mean values; the box spans from
the 75th percentile to the median and then to the 25th percen-
tile. The upper and lower whiskers indicate the maximum and

minimum values. respectively. The envelope represents the

kernel density distribution curve of the samples)
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Table 2 Average values, peak values of kernel density for precipitation amount, number of precipitation stations,

and intensity of different topographic heights
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Fig. 2 Spatial distribution of MRE for the precipitation

forecasts from EC during cold vortex days in the warm

season from 2021 to 2023 (a), scatter plot of MRE versus
elevation (b)

(In Fig. b, the percentages represent the proportion of stations

within different categories)
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Fig. 3 Diurnal variation of observed and forecasted three-hour-interval precipitation amount, precipitation station counts,
and precipitation averaged by station counts at the plain group (a—c¢) and hilly group (d—1{) during cold vortex days
in the warm season from 2021 to 2023

(EC: European Center for Medium Range Weather Forecasts, CMA-GFS; China Meteorological Administration Global Forecast System.

TYM: Typhoon Model, MESO: Mesoscale Model, SH9: South China Mesoscale Model 9, BJ:Beijing Rapid Update

Cycle Numerical Forecasting System, the same below)
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Fig. 4 Composite analysis of TS-Bias for weak precipitation (a), moderate precipitation, and heavy precipitation (b)

from model forecasts during cold vortex days in the warm season from 2021 to 2023.

(In the figure, the color represents different models; the shapes indicate different precipitation intensities: circles for weak precipitation,

squares for moderate precipitation, and pentagons for heavy precipitation; hollow shapes represent the hilly group, and solid

shapes represent the plain group)
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Fig.5 Forecast skill clock diagrams of EC and CMA-MESO for the warm season cold vortex days from 2021 to 2023

(a and b represent the hilly and mountainous group. ¢ and d represent the plain group; the outermost ring indicates weak precipitation,

the second ring indicates moderate precipitation, and the innermost ring indicates heavy precipitation. with light

green bars representing MRE; specific times represented by each sector are indicated on the outermost ring, and the TS and Bias scores are

shown in each sector in clockwise order, with lighter colors indicating better forecast performance for both scores)
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(Scatter points represent observation, and filled colors represent forecast)
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Analysis of Precipitation Forecast Deviation of Numerical
Models over Jilin Province in Warm Seasons under Background
of Northeast Cold Vortex

YAO Kai' ZHU Xiaotong” TU Gang® CHEN Changsheng' QIN Yulin'
(1 Jilin Meteorological Observatory, Changchun 130062; 2 Institute of Jilin Province Meteorological Science, Changchun 130062)

Abstract: Numerical models serve as critical reference bases for weather forecasting. Effective application
of numerical models for forecasting first requires understanding the models’ forecasting performance,
which is derived from verification. This study researches the forecasting capabilities of different numerical
models in terms of precipitation associated with the Northeast Cold Vortex in Jilin Province. Utilising
hourly precipitation observation data from 1436 stations in Jilin Province during the Northeast Cold Vortex
period from May to September 2021 —2023, a comparison analysis is conducted between the precipitation
forecasting products of six numerical models, namely, EC, CMA-MESO, CMA-GFS, CMA-TYM, CMA-
SH9, and CMA-B]. The aim is to reveal the characteristic differences in forecasting capability and
deviation contributions between three-hour-interval precipitation forecasts in plain and hilly areas using
quantitative assessment, graded assessment, and diurnal variation forecast comparison. The results
indicate that: (1) The observed precipitation associated with the Northeast Cold Vortex and the
precipitation forecasting capability of numerical models are closely related to topographic distribution. In

the plain group, both the precipitation amount and the number of observation stations are smaller, while
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the precipitation intensity is stronger, and the mean relative error (MRE) and mean absolute error (MAE)
of the stations are larger. In contrast, the hill group shows opposite trends: larger precipitation amount,
more station numbers, weaker intensity, and smaller MRE and MAE. (2) EC demonstrates the best
performance in forecasting diurnal variations of precipitation in both plain and hilly groups; however, it
lacks the ability to predict the peak of precipitation intensities, with a notable overestimation of
precipitation frequency occurring around midday. In contrast, CMA-MESO and CMA-SH9 are more
effective in capturing the diurnal peak or trend characteristics of precipitation frequency and intensities.
(3) The weak precipitation forecasts under various models are overly frequent, while the forecasting
capabilities for moderate and heavy precipitation are influenced by topographical differences, where the
performance in hilly areas surpasses that in plain areas. Additionally, CMA-MESO and CMA-TYM
outperform global models, with global models exhibiting significant dry deviations. (4) The forecasting
skill clock plots indicate that the excessive forecast of frequency by EC around midday is mainly due to
overforecasting weak precipitation, while the significant underforecast of strong precipitation throughout
the day results from missed occurrences. Furthermore, CMA-MESO exhibits stronger forecasting
capabilities for heavy precipitation compared to EC, successfully predicting evening peak values and the

occurrence of heavy precipitation stations. Its errors arise from location deviation in the forecasts.

Keywords: Northeast Cold Vortex; numerical model; forecast deviation; topography
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