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Abstract The singular vectors (SVs) based.on total-energy norm have been used generally for
representing the initial uncertainty in the ensemble“forecasting. The GRAEPE SV method based
on the total-energy norm using the GRAPES dynamical core model was developed. The impacts
and importance of linearized physical jprocesses on the SVs have been widely studied in the
literatures. To improve the GRAPES SVs, based on the recently developed GRAPES tangent
linear model (TLM) and.adjoint model (ADM) version 2.0, the implementation of linearized
planetary boundary/layer /(PBL) parameterization on the calculation of extratropical SVs is
conducted in this/study/ The characteristics of SVs and their linear evolution are measured by
energy partition, energy Spectra and spatial distribution through one-month experiment. The
unreasonable’ quick energy growth near surface that was observed in the structure of SVs without
linearized physical has been greatly improved, furthermore, the structures of upgraded SVs are
more consistent with those of previous studies, showing the characteristics of typical total-energy
based SVs: the energy maximum is located in the middle troposphere, with obvious westward tilt
with height in the spatial structure of SVs at initial time; during their growth, there are upward
energy transfer to upper troposphere and downward energy transfer to surface, and an upscale
energy transfer is shown in the energy spectra. The results show the upgraded SVs are capable to
capture the baroclinic instability in the troposphere. In order to improve the computation
efficiency of GRAPES SVs, the ADM that is most time consuming is optimized by reducing the
use of GCR (Generalized Conjugate-Residual) in the ADM and increasing computational memory,
which decrease the total computation time of GRAPES SVs up to 25%. Therefore, the upgraded

*TIHRA: FESZFRAHETEFED (GYHY201506005). B K FHG SZH-RITUH
(2015BAC03B01)

EZE WA ZE0eR], FEMNFEHERIIRAE S TR 7. E-mail: lixl@cma.gov.cn
WHSER: XIkAE, FENFREEFNLES TR . E-mail: liuyzh@cma.gov.cn


mailto:lixl@cma.gov.cn
mailto:liuyzh@cma.gov.cn

GRAPES SVs s satisfactory to meet the expectation for constructing the initial perturbation for
GRAPES global ensemble prediction.

Key words Singular vectors, Linearized planetary boundary layer parameterization, GRAPES
model, Tangent linear model
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Fig.1 Vertical distributions of total energy norm of 1st SV and 4th SV over Northern
Hemisphere (NH) in the NOPBL and PBL experiments at initial time (dashed line) and final
evolved time (solid line)
(a and b show 1st SV and 4th SV for the NOPBL experiment, respectively; (c,d) as (a, b)
but for the PBL experiment)
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Table 1 The improvement of parallelYefficiency of GRAPES SVs (unit:s)
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Fig.2 Vertical distribution of total energy norm (TE) and kinetic energy norm (KE)

of averaged first 20 SVs at initial time and final evolved time over NH(a) and SH(b)
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Fig.5 The total energy spectra of averaged/first leading 10 SVs for one case (a),
and one—month average (b) in May 2013

4 3 R EPLE KT S HE H A4

RTINS (B8] 53 A A PR A3 AT GRAPES 7 7t [ & R 45 44 SR RHAE . AR 2, BT
el RE B 10 AT () RANAE A JE] o0 A b R BRI R R, S8 EE HIE R IR SR
JE PR R ) X WHeskins, et al, 20000, i 17 Hr GRAPES & 7 [F] - YL Al 1 2 (] 44 »
V4R 2 A o AL 20 GRAPES 73 57 ) S 4R 5B 4 /8K 10001

PA2013%E5 H 8FH 00UTCHIPBLIAS: 45 R oA, G HUAL - BR 38 137 S In) S 430 40 A0 o LUK
BE R E e a BT (BI6). SRR RGN 5, %X & RGN
R (KBS, TEVIR Z) (El6a), & 5FmEMERPa) (BX520/2) HIIE&IEE
BBGR PG AL SRR, s EE SRR 2 AL E . W Eleart LR P O filds )
ME I (F6c, FiskPras: #E A65° Ny 170° W, 255 455° Ny 90°W), AILLEH, 1
IR Eh  E A PRI 5515-28)2 2 0], #RB)KRAEAEH20-25)% (£)700hPa-500hPa), HZEI
HH S R I R BUR )RR o K i v B T AR 4R B A5 4 D MR B B T R e R A
B fE ¥ W N % B %R AE ( Buizza, 1994;Montani, et al, 2002;Coutinho, et
al, 200;Hoskins, et al, 20000, &L T RKHRES FERFEEER . AR T RIRGEKER
RUELK . Fi4b, HABB T4 FAMRE, WIanms 2058 & B 1 PRt & 55 s ah 45k, 78

11



LA AL R T 2B W %, A NN TE B IE RS54 . ik, JRATT7 200, GRAPES
SERAT 7 AR AL IR NS A5 TR S B A XA AR RFAE ?

FEfR R IRALIN ZI AR PE S AT a5k (Kleb), WTRAEH, (rif sk, Jife
W R GER T R T UIX, HPtsh i RIEZER, SHISC e GRAPES 7 5
] S LA e T2t LRk AL 1] BE KRR A (RAALE — B0 IS sl mhCa A 428 1) 3 L T
(Eed) FTULE Y, @fetbiii)n, (HRIUahEEA AL 7AA,  HibE & 1 PO TR} Y 45
P AR B T UM« Bl P T W AR 0 IE R S5 AR AE, AR, S B BRI B
PRI AR FRRFAE -

Initial—time: SVO1 thp(Z=20) Final—time; SVO1 thp(7=20)

e
)

g,;\r:§
o v
P

35N
30

N T T T T T T T T ? T T
180 170w 160W 150w 140W 130W 1200 T10W 100w 90w BOW Fou 6OV

—10 -8 -8 —4 -z 2 4 8 & 10
—2.5 -2 —1.5 —1 —0.5 Q.5 1 1.5 I3 2.5

Initial—time; SVO1 thp vertical cross—section Final—time; SVO1 thp vertical cross—section

- (© T @

I‘}-IE‘I‘I/HM ' - ' (k‘x-m
B 6 WIAGI 2 A0 JE AL I Z0 B FBRES 1SV AR PEshfERR NS 20 J2 HI7K-F- G548 K i ik

Fios 4% 1 3 L T
Ca F ¢ 73R NATAGI 2 KT S5 R AN BRI ;b A d 29 5% o i i AL IR 220 KT
ey ApHE IERHIN D)
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