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Piece-by-Piece data assimilation method and its
implement on a severe rainfall associated with Southwest

vortex

Ling Huang
Directed by Zhiyong Meng

ABSTRACT

Targeted observation aims to locate an area of a certain weather system in which
addingextraobservation may produce more benefit to the forecast accuracy than in
other areaThereare two main issues in current targeted observation studies. Firstly,
the linearerrorgrowth assumption in current targeted observation strategies cannot
fully depictthe nonlinear feature of atmospheric motiSecondlythe validation of
targeted area mostly based on comparing the control experiment and the forecast of
assimilating targeted observations. In this scenario the good forecast is only attributed
to data asimilation, instead of targeted observatibine objectiveof this work is to
develop a fully nonlinear targetethservation strategy, and examtheimpactof
targeted observation on mesoscale system identified by forecast metrics of different
nonlineaity in a reasonable way.

Pieceby-piece data assimilatio®BPDA) was a fully nonlineaerrorgrowth
assumption targeted observation strategy. It uses a fully nonlinear forecast model to
assimilate observations from different location piece by pteddentify an area that
reduces forecast error most. This method is free of linear growth assumption,
and is capable of utilizing different forecast metrics to define targetediatbés
study, we examined quality of target area for forepaadtics with different
nonlinearities for a mesoscale convective vortex (M@%§ociated heavy rainfall
event from both a deterministand probabilistic perspectives.

Targeted areas identified in single model run is unreli&otan deterministic

peispective, apparently different target areas were found for different members, even
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for those with very small differences for both forecast metrics, with a larger
variability observed for rainfall than total energy. Probabilistic target areas were
created lg averaging datampact index values over the ensemble. Significant
differences existed in their quality in the verifying data assimilation experiments. For
total energy, assimilating data in an inaccurate target area decreased the forecast error
at a simliar magnitude as that in the target area. The error reduction obtained by
assimilating data in either the target area or inaccurate target area were both larger
than that obtained in the+dataassimilation experimenindicating theeffect of
target areavas insensitive to the location, which maybe the reason why the field
campaign were successfibr rainfall, however, much larger error reduction was
obtained when assimilating data in target area than that in inaccurate target area. The
magnitude of eor reduction by assimilating data in inaccurate target area was almost
comparable to that obtained in theaataassimilation experiment, indicating the
effect of target area was sensitive to the location, and only the targeted observation
could effectivéy improve the forecast skill.

We furtherexamined the sensitivity of targeted ar&ras pieceby-piece data
assimilationto themodel error and initial erro¥We introduced initial error by
utilizing a differentbackground error covariance aintdtoducel model error by
utilizing a differentcumulus parameterizati@mthemeThe sensitivity was found to be
highly relevant to forecast metric we are focusing on. For total energy, the targeted
areas in probabilistic perspective id sensitive to the modefror, but sensitive to
the initial error Forrainfall, the targeted area was highly sensitive tontloelel error
introduced by the cumulus parameterizatidwlifferent cumulus parameter could
change the location of targeted area from the south of tir wrortex center to the
north.However, the target area for precipitation is not sensitive to the initial error. All
the discussion aboveay be resulted from the nonlindaatureof PBPDA.

The sensitivity of PBPDA to model/initial error is related to the nonlifesture
of this methodThe sensitivity of a linear targeted observation method, namely
ensemble transforidarn man filter (ETKF), to initial and model errors was then

examined tqrove it ETKF is neither sensitive to the initial error nor the model error,
\Y
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which is quite the different from the feature of PBPDiAs llikely due to the linear

errorgrowth feature of ETKF.

KEY WORDS data assimilatiortargeted observatioensemble forecastyesoscale
system
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