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Synopsis

Simplified methods are developed to identify initial perturbations that have largest

influence on a given norm in a user-defined verification region. Our methods do not

require a data assimilation system such as an adjoint model or an ensemble Kalman filter

but an ensemble forecast with simple matrix operations. Two ensemble-based methods

are formulated based on the linear perturbation theory: one that approximates the

singular vector method and the other the adjoint method. The sensitive initial

perturbations are obtained by finding the coefficients of the linear combination of

ensemble members. Our formulations have been applied to the weekly ensemble

forecasts of the Japan Meteorological Agency with the verification region over Japan.

Our methods successfully identify sensitive perturbations associated with mid-latitude

and tropical disturbances.
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Fig. 1: Distribution of the vertically integrated dry total energy in a) ensemble singular vector sensitivity (the sum of the
10-leading modes) and in b) ensemble adjoint sensitivity calculated from the 72-h ensemble forecast from 2 September
2005 produced by the Japan Meteorological Agency. Panels ¢) and d) show the initial and forecast ensemble spreads.
The contours show the 500-hPa geopotential height at the initial (a, b, ¢) and the verification time (d). The verification

region is marked by a rectangle in each panel.
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Fig. 2: As in Fig. 1 but for the initial time at 23 December 2005.

— 167 —



SE X

PEAH « [LARAE = - R (2006) : 7> H T v
N T8 B R AT, TRE SR L RAES)
TR WS, pp. 40-43.

RHEIESE (2006): BT o HF o TAFW, 7o+
TN OEH - T HRA~OFA~ LK B
GoTFRIM Ex B L T~, BETWmaEss -
5277, RBRIT T HES, pp. 23-33.

Ancell, B. and Hakim, G. J. (2007): Comparing adjoint-
and ensemble-sensitivity analysis with applications to
observation targeting, Mon. Wea. Rev., Vol. 129,
pp. 4117-4134.

Bishop, C. H. Etherton, J. and Majamdar, S. J. (2001):
Adaptive sampling with the Ensemble Transform
Kalman Filter. Part I: theoretical aspects, Mon. Wea.
Rev., Vol. 129, pp. 420-436.

Bisho, C. H. and Toth, Z. (1999):
transformation and adaptive observations, J. Atmos.
Sci., Vol. 56, pp. 1748-1765.

Buizza, R.

Ensemble

and Monani, A. (1999):
observations using singular vectors, J. Atmos. Sci., Vol.
56, pp. 2965-2985.

Buizza, R., Tribbia, J., Molteni, F. and Palmer, T.

Targeting

(1993): Computation of optimal unstable structures for
a numerical weather prediction model, Tellus, Vol. 45A,
pp. 388-407.

Enomoto, T., Ohfuchi, W., Nakamura, H. and Shapiro, M.
A. (2007): Remote effects of tropical storm Cristobal
upon a cut-off cyclone over Europe in August 2002,
Meteor. Atmos. Phys., Vol. 96, pp. 29-42.

Enomoto, T., Yamane, S. and Ohfuchi, W. (2014):
Simple sensitivity analysis using ensemble forecasts, J.
Meteor. Soc. Japan, submitted.

Gelaro, R., Buizza, R. and Palmer, T. N. and Klinder, E.
(1998): Sensitivity analysis of optimal perturbations
using singular vectors, J. Atmos. Sci.,, Vol. 55,
pp. 1012-1037.

Hamill, T. M. and Snyder, C. (2002): Using improved
background-error covariances from an ensemble

Kalman filter for adaptive observations. Mon. Wea.

Rev., Vol. 130, pp. 1552-1572.

Ito, K. and Wu, C.-C. (2013): Typhoon-position-oriented
sensitivity analysis. Part I: theory and verification. J.
Atmos. Sci. Vol. 70, pp. 2525-2546.

Langland, R. H., Shapiro, M. A. and Gelaro, R. (2000):
Initial condition sensitivity and error growth in
forecasts of the 25 January 2000 East Coast snowstorm,
Mon. Wea. Rev., Vol. 130, pp. 957-974.

Liu, J. Kalnay, E., Miyoshi, T., Cardinali, C. (2009):
Analysis sensitivity calculation in an ensemble Kalman
filter, Quart. J. Roy. Meteor. Soc., 135, pp. 1842—1851.

Matsueda, M., Kyouda, M., Toth, Z., Tanaka, L. H. and
Tsuyuki, T. (2011): Predictability of an atmospheric
blocking event that occurred on 15 December 2005,
Mon. Wea. Rev., Vol. 139, pp. 2455-2470.

Mu, M., Duan, S. and Wang, B. (2003): Conditional
nonlinear optimal perturbations and its applications.
Nonlin. Processes Geophys. Vol. 10, pp. 493-501.

Nishii, K. and Nakamura, H. (2010): Three-dimensional
evolution of ensemble forecast spread during the onset
of a stratospheric sudden warming event in January
2006, Quart. J. Roy. Meteor. Soc., Vol. 136, pp. 894—
905.

Rabier, F., Klinker, E., Couriter, P. and Hollingworth, A.

(1996): Sensitivity of forecast errors to initial
conditions. Quart. J. Roy. Meteor. Soc., Vol. 112,
pp. 121-150.

Snyder, C. (1996): Summary of an informal workshop on
adaptive observations and FASTEX, Bull. Amer. Soc.,
Vol. 77, pp. 953-965.

The NCAR Command Language (Version 6.2.0)
[Software] (2014): Boulder,
UCAR/NCAR/CISL/VETS. doi:10.5065/D6WD3XHS5

Torn, R. D. and Hakim, G. J., (2008): Ensemble-based
sensitivity analysis. Mon. Wea. Rev., Vol. 136, pp.
663-677.

Wu, C.-C., Chen, J.-H., Lin, P.-H. Lin and Chou, K.-H.
(2007): Targeted observations of tropical cyclone

Colorado:

movement based on the adjoint-derived sensitivity

steering vector, J. Atmos. Sci., Vol. 64, pp. 2611-2626.

(MXZHEH : 2014F6A118)

— 168 —





