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Abstract Identification of sensitive areas is a key point in targeted observations. This paper studies the manner in
which conditional nonlinear optimal perturbation (CNOP) is used to identify sensitive areas in typhoon targeted
observation and proposes three schemes including horizontal projection, single energy projection, and vertically
integrated energy schemes. The sensitive areas determined by these three schemes have been compared, their physical
meanings have been analyzed, and their advantages and disadvantages have been discussed. The efficiencies of the

sensitive areas have been examined by ideal forecast experiments. The application of these three schemes to six typhoons

kS BEES 2013-02-28, 2013-07-18 Wis E R
REPBE HEARBAEESTEILSIH 41105038, 41005054, [ EFE B 5 54500 H KZZD-EW-05-01-01
EERN FEEA, 2, 1982 4R, RIRFZCR, TR G RFIEE N ) H AR A ] TR EGF . E-mail: zhouff04@163.com



b N W 38 %

262 Chinese Journal of Atmospheric Sciences

Vol. 38

showed that the sensitive areas determined by the single energy projection scheme were similar to those determined by

the vertically integrated energy scheme and differed significantly from those determined by the horizontal projection

scheme. Physical analysis revealed that the sensitive areas determined by the two energy schemes reflect the effects of

environment on typhoons, whereas those determined by the horizontal projection scheme reflect the effects of asymmetry

structures in typhoons. The ideal forecast experiments showed that the sensitive areas determined by two energy schemes

are more efficient than that determined by horizontal projection scheme in reducing the energy of forecast errors in the

verification area and improving the typhoon track forecasts, with the vertically integrated energy scheme showing the

highest efficiency. While in improving the typhoon intensity forecasts, three schemes are comparable. Generally, the

vertically integrated energy scheme is recommended when using the CNOP method to determine sensitive areas in

typhoon observations.
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warm advection, the blue arrow indicates the cold advection, and the white arrow indicates the boundary of warm and cold advections
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Table 1 The reductions of forecast-error energies (in

percent) obtained from the reductions of the initial errors in

the sensitive areas identified by three schemes
KB R PRREBE TR TEERRET &

2005 fEFETH 18.4% 18.8% 20.2%
2004 4K 1 8.8% 11.1% 12.7%
2010 “Fffift 1.1% 9.1% 9.4%
2011 4F Hh 0.3% 7.7% 9.4%
2011 4F2K 5 2 0.7% 6.9% 8.5%
2011 4EMEE 0.9% 13.6% 17.6%
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Table 2 The reductions of track forecast errors (in percent)
obtained from the reductions of the initial errors in the

sensitive areas identified by three schemes
HOFESETI SR Bame RO R EEM AR R

2005 AT 0.1% 0.1% 0.1%
2004 K 1 0.1% 0.1% 0.1%
2010 4EAG£E 0.3% 36.9% 36.9%
2011 4 i 0.1% 0.1% 0.1%
2011 4K 2 0.4% 36.5% 36.5%
2011 “FHg e 0.2% 29.4% 29.4%
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Table 3 The 24-h track forecast errors caused by CNOP
type of initial errors
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Table 4 The reductions of intensity forecast errors (in

percent, %) obtained from the reductions of the initial

errors in the sensitive areas identified by three schemes
KPBSETT R PR TR TR R

2005 4EFVF —104.8% 84.3% 89.5%
2004 4FKE T —18.1% —13.3% —20.9%
2010 Ffif o —0.1% 18.5% 26.4%
2011 4% 0.8% —0.3% —0.8%
2011 42K 75 2 1.5% 10.1% 9.5%
2011 4EHME{E 6.7% —21.3% —70.7%
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