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Abstract For describing uncertainties in the subgrid-scale energy upscaling transfer, a Stochastic Kinetic Energy Backscatter
(SKEB) scheme has been introduced into the Global/Regional Assimilation and Prediction System (GRAPES) global ensemble
prediction system (GEPS) to represent model errors more reasonably and increase the ensemble spread. In this research, the
SKEB scheme employs the stochastic patterns with temporally and spatially correlated characteristics along with the estimated
local kinetic energy dissipation rates caused by numerical diffusion to construct the stochastic stream function forcing. Accord-
ing to the relationship between the streamfunction and the rotational component of horizontal wind, the streamfunction forcing
in the SKEB scheme is then transformed into horizontal wind perturbations, which are suitable for the GRAPES global model.
The results indicate that, on the one hand, the application of the SKEB scheme improves the simulations of the atmospheric ki-
netic-energy spectra in the GRAPES model; on the other hand, it leads to a better spread-error relationship. increases the
spread of the ensemble and reduces the root mean square error of the ensemble mean to some extent and the improvement is the
most pronounced in the tropics. This scheme also contributes to a significant improvement of the continuous rank probability
score (CRPS) in the tropics. In terms of precipitation forecast, the results from the Brier score and Area under the Relative
Operating Characteristics (AROC) show that the SKEB scheme helps to improve probabilistic forecast skills of rainfall in China
for light rain [0.1 mm, 10 mm), moderate rain [10 mm, 25 mm) and heavy rain [ 25 mm, 50 mm) ; however, it has little im-
pact on the forecast of rainstorm [50 mm, <) (24 h precipitation). On the whole, the introduction of the SKEB scheme amel-
iorates the probabilistic prediction skills of the GRAPES-GEPS.
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Fig. 1 Vertically integrated local kinetic energy dissipation rate averaged for the 1 —10 d
forecast initialized at 00:00 UTC 13 May 2013 (unit: W/m?)
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Fig.2 Zonally averaged local kinetic energy
dissipation rate averaged for the 1 —10 d forecast
initialized at 00:00 UTC 13 May 2013
(units: 1073 m?/s%; the height is given in model levels,
where levels 13, 25, 40 and 49 correspond approximately
to 850, 500, 200 and 100 hPa, respectively)
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Fig.3 Instantaneous stochastic pattern (a), local kinetic energy dissipation rate (unit: 10 % m*/s*; b),
u (¢) and v (d) wind perturbations (units; m/s) at 500 hPa in the SKEB scheme
on the 5th day of the forecast (The forecast is initialized at 00:00 UTC 13 May 2013)
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Fig.5 Spreads around the ensemble mean and root-mean-square errors of the ensemble mean averaged in the

northern hemispheric extratropics for 850 hPa zonal wind (a), meridional wind (b), temperature (c),
and 500 hPa geopotential height (d) in the SV and SV_SKEB experiments at different forecast lead time

(Circles across the bottom indicate forecast lead time at which the spread of the SV_SKEB experiment

is statistically significantly higher than that of the SV experiment and the difference between the

root-mean-square errors of the ensemble means for the SV and SV_SKEB experiments is not significant)



188

T S N N N Ny "

> 3.0f

N

E

~ 2.5¢

2

S 2.0}

=]

3

g 1.5F

g 1.0 _...-="77— Mean error (SV)
o e Spread (SV)

D o510 —— Mean error (SV_SKEB) |

""" Spread (SV_SKEB)

=070 0 0 o
0 1 2 3 4 5 6 7 8 9 10
Forecast lead time (d)
%% & & A3
1.2 |
=
= 1.0t
£
o 0.8F
=
«
S 0.6t
% 0.4 =7 —— Mean error (SV)
5, R Spread (SV)
D gol) T —— Mean error (SV_SKEB) |
ST Spread (SV_SKEB)
W0 0 0 o 0
0 1 2 3 4 5 6 7 8 9 10

Forecast lead time (d)

Acta Meteorologica Sinica SH¥iR  2019,77(2)

3.5 .
R N . S . S
= 3.0 Mean error (SV)
N e Spread (SV)
E 5l Mean error (SV_SKEB)
5 R R Spread (SV_SKEB)
2
S 2.0}
o
<
(E) 1.5¢
3
g 1.0}
— B
5
@ Q QO Q9 O © O © Q
0 1 2 3 4 5 6 7 8 9 10
Forecast lead time (d)
24 T T .
(d) — Mean error (SV)
g w0k T Spread (SV)
a - —— Mean error (SV_SKEB)
- | Spread (SV_SKEB)
S l6r
3
5 12
S
&
k] 8r
&
2
o}
@ 4r empzzzIziEETTT
G @ =TT Q. Q Q QO QO
0 1 2 3 4 5 6 7 8 9 10

Forecast lead time (d)

6 SV 5 SV_SKEB i3 i #4775 11 [X. 850 hPa & ] W37 (a) L 2 [ W37 (b) |
TRLEE (o) DA B A 340 BE (D W 2 5 B8 B0 5 41 6 1 350 158 25 I T 41 i 2k v A
(WU =% %R SV_SKEB i 545 47 ¥R 25 B #/N T SV ik i) B 6 35
JEEH I P R SV_SKEB iR 30 4 4 8 B B 3 K T SV iR B (89 WU 50

Fig. 6 Spreads around the ensemble mean and root-mean-square errors of the ensemble mean averaged in the

tropics for 850 hPa zonal wind (a), meridional wind (b), temperature (c) and geopotential height (d)

in the SV and SV_SKEB experiments at different forecast lead time
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(Circles in the figure indicate category bins within which the frequencies of occurrences for observations

or analyses in the SV_SKEB experiment are statistically significantly different from that of the SV experiment)
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