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Abstract: In this study, we conduct a statistical verification and analysis on the performance of
near-surface temperature, wind speed and precipitation forecasts during the warm season in
Zhejiang Province using CMA regional ensemble prediction systems at 3-km and 10-km
horizontal resolutions (CMA-REPS 3 km and CMA-REPS 10 km). The results show that both
CMA-REPS 3 km and CMA-REPS 10 km can effectively capture the diurnal variations of
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near-surface meteorological elements, but their forecasts exhibit a negative bias in temperature, a
general overestimation of wind speed, and a general overestimation of precipitation from
afternoon to early morning. Compared to CMA-REPS 10 km, CMA-REPS 3 km can effectively
reduce forecast errors of temperature and wind speed, with a maximum decrease of 23.07% in
continuous ranked probability score (CRPS) and an improvement in the area of relative operation
characteristic (AROC) of precipitation forecast by up to 19%. Meanwhile, CMA-REPS 3 km
demonstrates more superior fraction skill score (FSS) for heavy precipitation neighborhood space
and provides more accurate forecasts in diurnal variations of near-surface elements. However, the
early ensemble spread is smaller in the forecast. In complex terrains, CMA-REPS 3 km shows
significant improvements in the probability forecast errors of temperature and wind speed and also
in the spread-skill relationships for wind speed in hilly and mountainous and for temperature in
plain and basin areas. Not only that, CMA-REPS 3 km has better capability f e ensemble
spread of heavy precipitation and the development of rain bands in steep s such,
CMA-REPS 3 km has superior forecasting capability for the near-sur,
terrains, particularly for 2 m temperature, 10 m wind speed and precipitation.
serve as a scientific basis for objectively evaluating the two eqgi ble prediction
systems under different topographic conditions and their sub in ensemble
forecasting methods

Key words: complex terrain, regional ensemble prediction , verification, warm-season
forecast
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Fig.9 Verification of 2 m temperature forecasts with 78 h lead time by (a, c, e, g) CMA-REPS 3 km and ( b, d, f, h)
CMA-REPS 10 km for sub-regions of (a, b, ¢, f) R1 and (c, d, g, h) R2 in Zhejiang from 1 June to 8 October 2023
(a—d) ensemble mean RMSE, (e—h) Consistency
2.2.2 AR T 6K TIRAR I

£ 2023 £ 8 A 27 H#2 9 A 18 Hg UM TR & FoKidfEd, 9 A 13 H 08 it
16 H 08 N oYRE/KER I B, 23[A] EREKSEHTTE RL A R2 FALP A XI5 (18] 102D , Hrp
R1 K#E4r X35 24 h SiH B K EWLIISF 2468 45.0 mm, 1fif R2 X35k 35.0 mm [ X367 T
FRHBFI R ER L, 45.0 mm PRI FEE7K R AR X 32 32 3 Afi 75 3 1 3 DR R 0 -4/ 500 m L

CMA-REPS 3 km ([ 10b) % CMA-REPS 10 km ([&
CMA-REPS 3 km x| R2 Jb&f r b Al & 5k 30.0 mmt
S H TR E S W S e, AR I R R2 R L
?Eiﬁ‘éjj@“fﬁ“lzﬁzﬁf'ﬁﬂiﬁwIHiﬁ?Xﬂi)ﬂMM‘&

-~

31° mm
60.00
55.00
50.00
45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00
5.00

31°

30°

29°

28° 10.00 28°

27° N

120°E 121°E 122° E 123" E

18° E 119°E 120°E 121°E 122°E 123" E

|l

mm

60. 00
55.00
50. 00
45.00
40. 00
35.00
30.00
25.00
20.00
15.00
10.00
5.00

30°

29°

28°

19° E

27° N v —r v T
118° E 20°E 121" E 122°E 123" E

B 10 202349 H 13 H 085 % 16 [ 08 IFHIT 24 h Bt Bk & (a) Wll~F344E, (b) CMA-REPS 3 km.

(¢) CMA-REPS 10 km K] 24 h TR 318



Fig. 10 (a) The observation average of 24 h accumulated precipitation, and (b, c) forecast averages of 24 h
accumulated precipitation by (b) CMA-REPS 3 km and (c) CMA-REPS 10 km in Zhejiang from 08:00 BT 13 to
08:00 BT 16 September 2023
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3km. (d~f,j~1) CMA-REPS 10 km [zl 5 fA G B A FIER -1 S LE AN [R] T A 2 )
24 h Z2iHFRKE R 4R 5
Fig. 11 Comprehensive verification of 24 h accumulated precipitation forecast skills of control forecasts, ensemble
members and ensemble mean with different lead times by (a-c, g-i) CMA-REPS 3 km and (d-f, j-I) CMA-REPS 10

km for sub-regions (a-f) R1 and (g-I) R2 in Zhejiang from 13 to16 September 2023
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Fig.12 Spatial distributions of (a-c) the observations and (d-f, g-i) the 24 h accumulated precipitation forecasts

with different lead time initiated at 08:00 BT by (d-f) CMA-REPS 3 km and (g-i) CMA-REPS 10 km for the R1

sub-region in Zhejiang on 13 September 2023
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Fig.13 Spatial distributions of (a-c) the observations and (d-f, g-i) the 24 h accumulated precipitation forecasts
with different lead time initiated at 08:00 BT by (d-f) CMA-REPS 3 km and (g-i) CMA-REPS 10 km for the R2

sub-region in Zhejiang on 13 September 2023
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