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Abstract The singular vectors (SV) based on linearized physical processes have been applied in the Global and Regional
Assimilation PrEdiction System (GRAPES) global ensemble forecast system to generate initial perturbations. However, the nonlinear
integration of some singular vectors may occasionally break down. This means that there exist discordances between different
perturbed variables and the method for SV computation should be improved, which could further improve the SV-based initial
perturbations and the GRAPES global ensemble forecasts. Based on the original computation scheme for the GRAPES global SV,
when computing SV, the pressure perturbation component at the initial time is obtained through the potential temperature
perturbation component according to the hydrostatic equilibrium relation, and others remain the same. Since the tropical cyclone SV
(TCSV) are sensitive to the linearized physical processes, one single case that consisted of two typhoon processes is selected for the
present study (the initial time is 12:00 UTC 8 August 2019). TCSV are respectively computed with the original SV computation
scheme and the improved computation scheme of SV based on the hydrostatic equilibrium, and the nonlinear integrations of the
TCSV are given to analyze the stability of the nonlinear integrations for the TCSV. The structure characters of the TCSV and the
initial perturbations are further analyzed, the ensemble forecasting experiments are conducted, and the influences of the improved
computation method of SV on the GRAPES global ensemble prediction skills are investigated. The experiments show that by
generating coordinated pressure perturbation and potential temperature perturbation, the improved computation method of SV based
on the hydrostatic equilibrium solves the breakdown problem of the nonlinear integrations of SV and eliminates the original small-
scale structure that is too local and may result in nonlinear integration instability. The improved computation method of SV based on
the hydrostatic equilibrium has slight effects on the structures of potential perturbation and zonal wind perturbation. It makes the
maximum value of pressure perturbation locate near the tropical cyclone, which can better describe the initial uncertainty of the
tropical cyclone and make the pressure perturbation and the potential temperature perturbation more coordinating. Using the
improved computation method of SV based on the hydrostatic equilibrium in the GRAPES global ensemble forecasts, the Northern
and Southern isobaric variables ensemble forecasts and the probability forecast skill of 24 h accumulated precipitation in China can
be improved, and the tropical cyclone track ensemble spread is also increased.
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B RFIE S HT 5 A TCSV UK 1000 £i5) %R A RE /0 AR FRAE (a,—a3. by—bs. 7 B AHT 7 34 B9 TCSV;
aj. by A TCSV X RE A B BERINBEST A, a5 by. 5 A TCSV BhREAN it X A BE R I (E AT EL4M, a3, by, 54~ TCSV FhfE
FA B K B RE B A0 RE B I (8.50 41 KE: BlBE, PE: (7 AE, TE: BLRERL; WILAKT %100 2019 4E 8 H 8 H 12 i)

Energy distribution characteristics for the first five TCSVs (multiplied by 1000) corresponding to typhoon Lekima

(a;—as3, b;—bs respectively represent the TCSVs corresponding to the original SV computation method and the improved computation

scheme of SV based on the hydrostatic equilibrium; a;, b;. the Kinetic energy (KE) and Potential energy (PE) distribution for different

TCSVs, a,, b,. vertical distributions of the averaged KE, PE and Total energy (TE) for the five TCSVs, a3, bs. averaged energy
spectra of KE, PE and TE for the five TCSVs; The initial time is 12:00 UTC 8 August 2019)
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method, red solid line: the improved computation scheme of SV based on hydrostatic equilibrium, black dashed line: the Outlier expectation;

a. geopotentail height at 500 hPa, b. temperature at 850 hPa, c. zonal wind at 250 hPa, d. meridional wind at 250 hPa)
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Fig. 11 The same as Fig. 10 but for Brier score
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(Gilmour, et al, 1997; Anderson, 1997) . IF2Z%&1F
4k £k M f 1 38 81 ( Conditional Nonlinear Optimal
Perturbations, CNOP; Duan, et al, 2016) J5y & 1] L)
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