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Abstract: The stability of forecast refers to the consistency of multiple timeliness forecast conclusions
issued at different times in the same period. It is an important aspect of the model system, and the large
instability will cause trouble to users. In order to understand the stability of common operational models,
the relative standard deviation index is used to calculate the magnitude of precipitation fluctuation, and the
Flip-Flop index (FF,,.,) is improved to measure the reversal degree of precipitation forecast trend in this
paper. Besides, the stability of precipitation forecast in two global models (ECMWF, NCEP-GFS) and
three regional models (CMA-MESO, CMA-SH9, HHUPS-ST) in six climate zones in China, is discussed

on the basis of the two cases of the observed precipitation and the rainstorm and the above. The results are
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as follows. When there is precipitation, the relative standard deviation of multiple timeliness precipitation
forecasts of global models is smaller than that of regional models. That is, the fluctuation of model precipi-
tation forecast is small. The volatility of each model for the western part of the southwest region, the east-
ern part of the northeast region and southern part of South China is smaller, while that for the western
part of the northwest region is larger. In terms of the change trend of multiple timeliness precipitation
forecast, the stability of CMA-MESO, NCEP-GFS and ECMWF is better in the two cases, and the index
of FF,m 1s smaller than that of HHUPS-ST and CMA-SH9. Among them CMA-MESO has a more prom-
inent stability effect in the forecast for Southwest China and parts of South China. The index of CMA-SH9
is the largest and the model forecast is unstable. Each model has a relatively large index in the middle and
lower reaches of the Yangtze River, and the stability of multiple timeliness forecast is poor. When there is
precipitation, the frequency of stable (monotonically increasing or decreasing or constant) trend of precipi-
tation forecast of CMA-MESO is the most, followed by NCEP-GFS. Under the two precipitation condi-
tions, the precipitation forecast of the two models for each region is that the number of monotonically in-
creasing times is greater than the number of decreasing times, and the monotonically increasing character-
istics of the CMA-MESO model are particularly significant. The above characteristics could provide some
references for model debugging and forecast decision-making.

Key words: multiple timeliness precipitation forecast, relative standard deviation, improved Flip-Flop

index (FF,,.,), stability
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Table 1 The commonly used forecast products and main characteristics in forecast service
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Fig. 1 Distribution of six climate divisions

over China for the 484 stations

(quoted from Xiong, 2017)
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Table 2

The FF,,n of multi-model forecast trend for No. 58343 Station

from 20:00 BT 12 to 20:00 BT 13 August 2021
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Fig. 2 Distribution of relative standard deviations (RSD) for the precipitation
forecasts with multiple lead times and multiple models of
(a) ECMWF, (b) NCEP-GFS, (¢) CMA-MESO, (d) CMA-SHY, (e) HHUPS-ST and

(f) their regional averages from June to September in 2020—2021

P 514 45 AE 45 — B0, HHUPS-ST {4 o 7 %0 R AR 8 om0 Fa @ M il HOS K Ik & ECMWE,
0.26; CMA-SHO () H 47 B s k. o 0. 27, H AR5 NCEP-GFS #1 HHUPS-ST. CMA-SH9 £ i} 5 [%
FHAMBIR . Mk, CMA-MESO £ B} 3% % 7k VISTESEE T E Yk i3 o=



4926 A % %5 50 %

160 000

(a) W ECMWF [ NCEP-GFS ] CMA-MESO I CMA-SH9 [ HHUPS-ST
140 000 -
120 000 [
100 000
X
80000
K
60 000
40 000 4
0 : : -_’_FH : e ‘
Tk AN i K £ 1] KEEM FEREE
Pk E %
(b) (c)
1600004 160 000
140 000+ 140 000+
120 000+ 120 000+
& 100 000+ K 100 000
& 800004 B 800004
60 000+ 60 000+
40 000+ 40 000
20 000+ 20 0004
0 T ; T T 0 i T ; T T
0 40 80 120 160 200 0 40 80 120 160 200
F7Kk 2 /mm [k B/ mm

T« 2 IE A A i k.

3 2020—2021 ¢ 6—9 H () ZF UMY £ I 0B ik 1 B K e AR G it
(b)NCEP-GFS, (¢)CMA-SHY [ /K 45 ¥k (1) & 7 &’ 7 i
Fig. 3 (a) The frequency statistics of precipitation magnitude of the precipitation forecast with
multiple lead times and multiple models and (b, ¢) the frequency of precipitation histograms
of (b) NCEP-GFS, (¢) CMA-SHY9 from June to September in 2020—2021
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Table 3

The frequency characteristics of difference between continuous increase and continuous

decrease in precipitation with forecast time approaching of multiple models about rainfall

and rainstorm and above it from June to September in 2020—2021 (unit: %)

[ 7K 2 B NW SW NE NC CJ SC
ECMWF 1.33 —0.80 1.16 1.58 1.25 1.64
NCEP-GFS 3.64 0.08 1.45 2,02 2. 30 0. 64
AWk CMA-MESO 1.93 5.97 2.06 3.87 4,01 5.82
CMA-SH9 0. 66 1.02 —0.89 0.76 1.66 —0.64
HHUPS-ST —0.05 —0.07 —1.11 —0.17 —0.13 —1.61
ECMWF 2.53 2.61 0. 00 5. 39 3. 30 3.61
NCEP-GFS 3. 80 1.09 1.38 3.28 2.02 3.61
S ML EREK CMA-MESO 8. 86 8. 70 2.07 9.13 6. 24 10. 45
CMA-SH9 0. 00 1. 09 —2.07 0. 00 3.67 0.72
HHUPS-ST —1.27 1.30 1.38 2,11 0.74 1.81
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Fig. 9 Difference between ECMWF and NCEP-GFS, CMA-MESO,
CMA-SH9, HHUPS-ST in the frequency difference between

continuous increase and continuous decrease in precipitation

with forecast time approaching
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