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Abstract Singular Vectors (SVs) and Conditional Nonlinear Optimal Perturbation (CNOP) have been widely adopted in
studies of the instabilities of the atmospheric and oceanic systems, the related predictability, ensemble forecasting, and
targeted observations. This paper firstly reviews the development of SVs and CNOP and gives a brief description of their
fundamental principles. Then, the similarities and differences between the First Singular Vector (FSV) and CNOP are
discussed with a two-dimensional nondimensional barotropic quasi-geostrophic model and different combinations of
norms. The results show that the different norms used to evaluate the amplitudes of SVs and CNOP induce a large
difference between the FSV and CNOP even if the optimization time is relatively short, while the difference between the

FSV and CNOP is mainly due to nonlinear physical processes when using the same norms to evaluate the amplitudes of
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SVs and CNOP. So, appropriate norms should be taken into account for different physical problems, in order to

investigate the similarities and differences between the FSV and CNOP, and the atmospheric or oceanic dynamics they

cause, and further to reveal the mechanism of influence of nonlinear physical processes.

Keywords Singular vector, Conditional nonlinear optimal perturbation, nonlinearity
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Fig. 1 The streamfunction fields of (a) the true initial field , and (b) the associated initial analysis field. The solid and dashed lines refer to positive values

and negative values, respectively
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B2 R%—15F# FSV Al CNOP JTiliik (R s 50 =5 M 4540 (al) FSV Al (a2) CNOP FIZIHEAR N 3X107% (b1) FSV Al (b2) CNOP HIZy 3§
4505 0.1206. A, (al) Fl (a2) KPP FSV A1 CNOP HIEMEIROK T 10° 1. SCZAVKRIEML, MR
Fig. 2 The streamfunction fields of the FSV and CNOP from the results of experiment 1: (al) FSV and (a2) CNOP for the constraint radius of 3 X 107, and

(b1) FSV and (b2) CNOP for the constraint radius of 0.1206. The values of (al) and (a2) are amplified by a factor 10°; the solid and dashed lines refer to

positive and negative values, respectively
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Table 3 The objective function values corresponding to
the FSV and CNOP for the constraint radius of 3X107® and
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AHCEAE FSV AT HFFEREE  CNOP XA (1 H b ek £UfE
3%X10°° 1.3426 X107 1.3426x10°*
0.1206 4.0204 49763

W 3 fros, MAFEREN 3X10°° 1, CNOP
AFSV 1 H bR R BUE A S s M ORI N
0.1206 I, FSV A1 CNOP XJ W) H b b B (K,
It H CNOP XM H bk e EUE KT FSV XMW H
ENCEACIE

K3 KW, MR 3X 10, FSV



6 1t EPRESE: KT MR R B A SAT ARG m AP ah 2 A — il
No. 6 HUO Zhenhua et al. A Note on the Differences between Linear Singular Vectors and Conditional Nonlinear ... 721

K3 2, (HR R
Fig.3 As Fig. 2, but for the results of experiment 2
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Fig. 4 The streamfunction fields of FSV and CNOP from the results of experiment 3: The (al) FSV and (a2) CNOP for the constraint radius of 3X 107, and
the (b1) FSV and (b2) CNOP for the constraint radius of 1.1746. The values of (al) and (a2) are amplified by a factor 10°; the solid and dashed lines refer to

positive and negative values, respectively
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Table 4 The objective function values corresponding to
the FSV and CNOP for the constraint radius of 3X 107 and
1.1746 in experiment 3

AWEAE FSV AN EHFRREE  CNOP XY (¥ H % ek HU (e
3X10° 2.1314X107° 2.1314%X10°°
1.1746 5.7487 6.4576
3.4 RIGM
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220 B AR I RS A 5 R (36 S
K5,

RS MAMABARERR 3X107°F0 0.1206 B FSV #1
CNOP X[y BFReREfE GRIGM)

Table 5 The objective function values corresponding to
the FSV and CNOP for the constraint radius of 3X107® and
0.1206 in experiment 4

AREAE FSV AN EHFREREME  CNOP X R H w ek UE
3X10°° 5.4086X107° 5.4086 X107
0.1206 1.8923 2.4041
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5 B2, HCHIREG P g R
Fig. 5 As Fig. 2, but for the results of experiment 4
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