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SEHERET % - FRTT 47 0.25 (Al » B I BRI [BR s G R R it T bk 228 L B PR BRI A AT A 21
SETHEAR - DIBIRE#E — D S B E B KT BE T » WA THERFSE IR At 5 RIS H A &
BaEEi -
RASET © G - B AR - FEMDY - 2T - MG E EEK T



2 A HE

il

_‘ﬁﬁ

HE RIS KB A > U A e
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T BRI 25 e i Y S I B 22
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£ty - Hp ARMOR  J7 A FI FH 8 o5 [B187 1B Bt
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F1 STMAS (Space and Time Multiscale Analysis
System; Xie et al. 2011) ~ = 4 1 PO 4 % 45 34
(Courtier and Talagrand 1987; Gauthier et al. 2007;
Wang et al. 2013) ~ 2EF/ = & 25 (ensemble
Kalman filter; Evensen 1994; Zhang et al. 2009; Tsai
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EDE AR 2B R & - MEPRETRIGHAEE 3 2 12
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AN EEE PP EE R KT EH Hu
(1962)Firett » mIRF — 4 st A FH IR G MR AR By
BUEA G J7 AR AL BT ST - DU 2
SREAECES: - fREssE —(E T TR ER G EF
Y 4R s T (xy) » H p+a FEAVENZE (B0

4E > moments) EFHEE

My, = [7 xPy* f (x, y)dxdy, )
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Hrfo x Fy 53Rl Es x J7EFDy J7 AR R
E - T(xy) BHETEZA BN REE - [ &E
INIA= I Ec Y

X=My /Mg > §=mg /My (2)

Hrp myo BIA(1)=FHY p=181q=0 - &8
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Y & > T— PR EE R RN A R 28
e HENQ_E ML BN LEERE SR A

Hog=[ [T (x=%)"(y=9)* f(x,y)dxdy, (3)
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A HEFHBC) X ERN P LB EZEH
s T (X, y) BB AR T B AR B R Y -

#HE— 822 RS AE I # b (normalization)
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HE FAEE > &85 EE W EE P 2
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BHANENRE - NEEIE YRR E G2
G R—E A2 — (32 2007 ) -
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2015) » 4y Hl B WRF_MO00 ( f§fE WRFD ) #
WRF_MO1 (f&if# TWRF) » DLR S BT =

( WRF Ensemble Prediction System, WEPS ; ZRE
#2014 - [t WRF 50 Ry = T4 SL2RH » 7Kg
MrFEST A By 45~ 15 Fl1 5 km » T ELf#ATE By 45 J& »
ifi H. WEPS F1 R [E]Hy#/EE 2 B B B e K
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Bias score of 3-h accumulated rainfall
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(a)
WGT: ETS pf 3-h a;cumulated rai’nfall, by diff ranks
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ABSTRACT

The ensemble quantitative precipitation nowcasting (also referred to as short-range quantitative
precipitation forecast) is developed and explored by objectively selecting the analogs to the latest observed
radar reflectivity among numerous ensemble members based on two pattern recognition theories. One is called
moment invariants theory that is able to extract seven components with specific geometric features, and the
other is based on Pearson’s correlation coefficient applied to compare two planar images. In particular, the
repeated calculation of moment invariants within piecewise sections of an entire image is proposed to enhance
the recognition capability. In addition, the similarity algorithm is adopted to quantify the degree of how one
ensemble member resembles the observed radar reflectivity.

Under a designed strategy, 440 members, which consist of two deterministic models (WRFD and TWRF)
and the ensemble prediction system (WEPS) based on the Weather Research and Forecasting (WRF) regional
model, are generated and compared to the radar observation for the case of Typhoon Kong-Rey in 2013. The
results show that the equitable threat score (ETS) of accumulated rainfalls appears to have the linear decline
trend following the similarity order. The ETS of 3-h accumulated rainfalls based on the ensemble mean of the
first 10 ranks from two analog methods is about 0.47 (0.27) at the rainfall threshold of 20 mm (50 mm), which
is higher than that based on the original WEPS ensemble mean with a ETS value of 0.19 (0.06). This indicates
that the approach to finding similar radar images has better forecasting skill than the unrecognized ensemble
output in terms of the short-term precipitation. Overall, the analog-based technique that objectively searches for
forecast resemblances to the latest observation is shown to have the ability to improve the short-range
quantitative precipitation forecast, thus adding value to the ensemble forecasts and providing the real-time
guidance for the operational forecast.

Key Words: Pattern recognition, Moment invariants, Radar reflectivity, Ensemble forecasts,
Quantitative precipitation nowcasting (QPN)
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