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Abstract The convective-scale numerical weather prediction (NWP) is sensitive to the initial
minor perturbation and the evolution of initial perturbation (hereafter IP) is model-dependent,
flow-dependent, and scale-dependent. And it has always been difficult to construct a reasonable
initial perturbation for the convection-permitting ensemble prediction systems. Based on the
GRAPES 3 km convective-scale model of Center for Earth System Modeling and Prediction of
CMA, we use a two-dimensional random function and background error of assimilation system in
GRAPES 3 km to construct the large, meso, and small scale stochastic initial perturbation field.
Based on the constructed different scale initial perturbations, three convective-scale ensemble
forecast experiments are conducted for a typical weather process of multi-regional heavy
precipitation in summer in China. The spatial-temporal evolution and spectral decomposition
characteristics of perturbation energy for three IP experiments are analyzed to understand the
evolution characteristics of different scale initial perturbations in a convective scale model, to
provide a reference for constructing an optimal initial perturbation in GRAPES
convection-permitting ensemble prediction systems. Results show that: in the GRAPES 3 km
convective-scale model, (1) There are significant differences in the evolution of difference total
energy (DTE) in three IP experiments. The DTE of large-scale IP increases with model integration,
especially in the middle and upper troposphere. However, the DTE evolution of meso and
small-scale IP experiments shows an apparent diurnal cycle characteristic. Specifically, it exhibits
a significant increase (decrease) from afternoon to evening (from night to morning) when the
convection is active (passive), and the diurnal cycle is mainly caused by the diurnal cycle of the
small-scale component of DTE. The diurnal cycle of DTE may be due to the surface heating
caused by solar short wave radiation, which makes the convection more active during the day than
at night, and the convection directly affects the small-scale component of the DTE. In addition, the
DTE of three IP experiments increases mainly by the development of difference kinetic energy
(DKE), and the difference potential energy (DPE) cannot be neglected in the lower troposphere. (2)
The DTE evolution of large, meso, and small-scale IP experiments is flow-dependent. Specifically,
in the mid-high latitudes, the DTE increases of large-scale IP is dominant in the region where the
baroclinic instability is strong (e.g., trough region), and the DTE of large, meso, and small-scale IP
experiments does not develop in the region with relatively weak baroclinic instability (e.g., the
northwest flow behind trough). In the confluence region of the north and south airflow, the DTE
increases of large-scale IP is still dominant. However, the DTE of all three IP experiments hardly
develops in the region affected by the South China Sea summer monsoon, and there is a relatively
consistent relationship between the DPE(difference potential energy) development and the ratio of
large precipitation rate in this region. (4) The DTE spectrum shows that the multi-scale cascade



characteristics of DTE change with integration periods. The downscaling cascade of DTE from the
large-scale component to the small-scale component in the first 3 hours is powerful. However, for
lead times after 6 hours, the upscale DTE growth from meso and small-scale components becomes
the main characteristic of the DTE spectrum. In conclusion, it is necessary to construct a
scale-dependent and flow-dependent initial perturbation structure for different unstable weather
regions, especially when we build the convection-permitting ensemble prediction in regions with
complex weather systems and non-uniform spatial-temporal distribution dynamic instability (such
as China).

Keywords GRAPES 3 km convective scale model, Ensemble prediction, Initial perturbations at
different scales, Characteristics of perturbation evolution, Flow-dependent
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Fig.l The latitude-height section of background error covariance for (a) zonal wind, (b) meridional wind, (c)
perturbed potential temperature.
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Table 1 The experiments for ensemble prediction with different scale random initial perturbations
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Fig.2 (a) Accumulated precipitation (unit: mm) from 00 UTC 30 May to 00 UTC 31 May. Comprehensive

synoptic pattern at (b) 00 UTC and (c) 12 UTC 30 May 2020. Blue, red, green and brown lines are 500 hPa
geopotential height (unit: dgpm), 500 hPa temperature (unit: °C), 500 hPa trough and 850 hPa trough, respectively,

wind barbs are 850 hPa wind, and the shaded represent wind speed exceeding 8 m/s at 850 hPa in Fig (b) and (c).
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Fig.3 24 h accumulated precipitation forecast results(unit: mm, including control forecast, 10 ensemble forecast,
and ensemble mean) initialized at 00 UTC 30 May 2020 and precipitation observations from 00 UTC 30 May to 00

UTC 31 May. (a) Large IPs; (b) Meso_IPs; (c) Small IPs.
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Fig.4 Time series of the domain-averaged RMDTE (left vertical axis, unit: m/s) for Large IPs (solid black line),

Meso_IPs (long dashed line) and Small IPs (short dashed line). Gray line at bottom of the graph corresponds to

the percentage of ensemble average grid points that vertical velocity at 700 hPa exceeds 1 m/s (right vertical axis) .
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Fig.5 The time-height section of ensemble mean difference total energy (unit: J/kg) for (a) Large IPs, (b)
Meso_IPs, (c) Small IPs.
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Fig.6 The vertical distributions of ensemble mean difference total energy (solid line, unit: J/kg) and difference

kinetic energy (dashed line, unit: J/kg) valid at 36 h. The red, green and blue lines denote the Large IPs, Meso_IPs,

Small_IPs, respectively.
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Fig.7 Horizontal distributions of the difference total energy at 500 hPa (shaded, unit: J/kg) and 500 hPa

geopotential height (contoured every 60 gpm) for ensemble member 1 valid at 00 h (a. b ¢),06 h(d. e. f),12h
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Fig.8 Time series of the domain-averaged RMDTE (a~d ), RMDKE (e~h ), and RMDPE (i~1 ) for Large IPs
(solid black line), Meso_IPs (dashed line) and Small IPs (dotted line) at different domains: (a) behind trough and
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affected by South China Sea summer monsoon. Light and dark gray lines at bottom of graph (m~p) denote the
percentage of ensemble average grid points that vertical velocity at 700 hPa exceeds 1 m/s (left vertical axis) and
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WRHFFIE . AEILSRHE R & R AUX (40° ~50° N), RHUEAFR € BERIIGHE X LK
RUEWIEIEN S RE BRI KON, TREAFE A EES X (PEAL RO R, F. AR
FEVIIRIRBN S RE B AR AEP AR 30° ~40°N BUALSEAN R SERARAIC X, AR RUE
Wigaptah B Re B KON T FER SRR HIA PR R AX (200 ~30° ND, K. iy
NREERIGEI AN R BRI RS, PUBh AL REHE K XIS /K R AR A0 A8 A L (R0 o R
%o

(3) R e ADARIERIIGISD S RERAE S48 K], ARB BIsh S REEr
% RE B PRI 25 BU AT 3 h FZRNHREh S AE R IR R o & /N OB 23 S 1 B U
90 B 6 h JEMRIDIMNRERI R RE, BREICRESE e R BRI REZ R,
HZIHRESFIM G S0 RE T K.

ZR LRI, R A A TR TR IS0 RE B S WA PLsh RS SRR A A 5%, AR
FEVIUEIRBIHI AT IR AR S, ANT] 2200 o R AE o [ X SR I R R & Tl Ny, A
FRERI AR ARG E R X, s B A R R K AT A6 DB S5 4 - 5 B4R 2
S RN IRIR G, A SCE BRI ARSI R 7T, RIS 7 B FE 2 R
BIBEAT G BR3P IR R & TTURATAR DL K 2 R M RAIE .



Bogt P SRR IER R SR R O RSB T 5 4R GRAPES 3 km X RUEEAR
KT RGN FARZE, BTSSR G IR LRI BOT T4 H 15 S, i
AP 2PN B o= R R Re R lint iR U R
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