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HE 2T Sk 25 9K ) I [ A 2 K AR I 2, i A
X, RV, b A v, 5 U BSEBINE, 775K
iR Y, WA, X A Z A AR R R E Y
TR AR R 7~ ) , A1) T A A5 g 300 [ i 4 6 1) 52 S
56, 715 ] H A A 2 R A R PR - R A A A E
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PP STPM T4 i 2 20 B (STPMI TR AR B2 B T SVD 7 20 412 IRCF 41 S A 35141 PR 3 #1125 0] S 5 15 R4
A, 7 2 S TR T B (X Y 43530 A o o Al 1y SRR BE THUAR TR AN TR Ak, & R 7 oA 25 RV s, ¢ I TE) e (m) 535310 g £ 22
B (ZJ5) WYRBHT (G ) 15, K S8 P IR HT K A9 SVD 825, U, TV, S PR o F0 B4R R 3 #) = S 16 4, e, 0 v, OISR
o N FR) IR i) 2R 55 PR SR S AR B SR B R AT Sk O o, PR A TR A o STPM2 26 {8l STPMI, {H 5l 4 4
RUESET 7 2 (covariance, COV ) Sf 41 B FU 2 1 Bz B 7 fg i [R] -2 ) 4 45 A2, X, Sy ORUEE B4 Bl %) COV 1y
5 R 2290 401k (1 05 @ 7 % e/ TRUAR O B T AN B 3R T U W L5 % SCHER Hsu et al. (2012) K Hsu et al.
(2015)):(a)STPMI;(b) STPM2
Major steps of the two types of STPM prediction.(a) The STPM1 prediction model is constructed using the spatial-tempo-
ral coupled modes of predictors and predictand derived from the SVD analysis.X and Y are the normalized predictor and
predictand , respectively.i and j denote the spatial grids, ¢ is time,and n(m) indicates the preceding ( succeeding) n(m)
pentads before (after) time £.K is the total number of SVD modes.U, and V, denote the singular vectors of predictor and
predictand , respectively.u, and v, indicate the time series of the expansion coefficient of the kth SVD mode for the predic-
tor and predictand,respectively.The solid black arrows indicate the developing procedures of STPM1.The forecast proce-
dures at time 7, are denoted by green dashed arrows.(b) Similar to STPMI1, but the spatial-temporal coupled modes in
STPM2 are derived from the covariance analysis (COV).The coupled pattern projection (X,) is obtained by multiplying
the covariance field with each predictor. The transfer function is constructed with a linear regression method.See text for

more detailed information. Adopted from Hsu et al.(2012) and Hsu et al.(2015)
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Fig.2 STPM2 forecast skills measured by the TCC between predicted and observed MAM rainfall in

Taipei for a temporally evolving predictor ( solid line) and an individual month predictor ( dashed

line) .Here, the predictor is a 925 hPa zonal wind field.The letters on the x-axis indicate the pre-

ceding months used in the STPM.For example,JIMA indicates that the predictor includes infor-

mation from April to July in the previous year.The letters shown along the dashed line indicate

the specific month used in the rainfall forecast. Adopted from Hsu et al.(2012)
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(2016) FI| Fi 7 J7 B 7K & AE il 399 0 #4526 41K
WA 5 AR A R TR R, ) 4R R A 2 [ K ORI R TR
WIRE K A3 AT STPM ZEAE, JEAT I 4 i 3. 25 2R
R, STPM i 4 Ry b X 75 25 1 Hif VI B K 1) 76 412
BF R AT 3k 25 ~30 d. #R 1M, STPM ZE {ft B i 4 £ 15
T AR R 7 (MJO/ISO) {55 5 (i 3 55 , Li et al.
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Fig.3 (a)The heavy rainfall index in April—July 2010 is shown in the top panel.The bottom panel shows 10—60 days heavy

rainfall signals extracted from the non-filtering method ( solid curve) and the Butterworth band-pass filtering ( dashed

curve). The correlation coefficient between the two different time series is shown in the upper-right corner. (b)

Intraseasonal (10—60 d) Uy, (unit;:m -

s™') derived from the band-pass filtering ( shaded) and non-filtering method

(contoured) on an arbitrary day (Dec.1,2013).Adopted from Hsu et al.(2015)
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Fig.4 (a) The first 10 REOF modes of 10—80 day summer intraseasonal rainfall ( April 30 to October 27) for 1979—2010.The
red symbols mark the station with the loading value exceeding 0. 4.(b) Forecast example during the summer of 2008.Sha-
ded areas from up to down,respectively,are the observation, 10 d lead and 20 d lead forecasted rainfall anomalies (unit:
0.1 mm - d™').The pattern correlation coefficient between the observation and 10 and 20 d lead forecasted rainfall anoma-

lies are shown in each panel of the forecasted results. Adopted from Zhu and Li (2017b)
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Fig.5 (a)The pattern correlation coefficient skills( bars) evolution for the 5—30 day lead (al—a6 are 5,10,15,20,25 and 30 d

leads, respectively) forecasted for 10—80 day SAT against the EOF-filtered 10—80 d SAT during the forecast period of
2000/2001—2012/2013.The green line is the threshold of the 99% confidence level.(b) The observed (dashed line) and
5—30 d lead (bl—b6 are 5,10,15,20,25 and 30 d leads, respectively ) forecasted ( solid line) winter SAT at Nanjing
Gauge Station,along with the defined extreme cold day (ECD) (the black and red rectangles are the observed and fore-
casted ECD,respectively) ,during the forecast period of 2000/2001—2012/2013.The hit rate and threat score of the ECD
are shown to the right of each panel.Adopted from Zhu and Li (2017¢)
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Fig.6 (a)Pentad temporal distribution( pentad 31 to pentad 61) of CTC genesis(bars) and the CTC index based on OLR ( red
line) for the period of 1979—2002. (b) The observed ( black) and 10 d lead forecasted CTC index ( blue and red)
produced by two STPMs for the period 2003—2014.Adopted from Zhu et al.(2017)
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Fig.7 (a)The time series of the observed(black line) and reforecast( blue solid line) and independent
forecasted (red dashed line) SCSSM onset pentad.(b) The observed(black) and forecasted( red)
zonal wind(m + s™') averaged over the SCS region(5°—15°N,110°—120°E) from the 25th to
35th pentads for 2005—2014. An open ( closed ) triangle denotes the observed ( forecasted )
SCSSM onset pentad.Adopted from Zhu and Li (2017b)
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Subseasonal-to-seasonal ( S2S ) prediction using the spatial-temporal pro-
jection model ( STPM)
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With the current developments of numerical weather forecasting technology and seasonal prediction systems,
the ability of short-term weather forecast and long-term climate prediction continues to improve.However, the pre-
diction skill of the subseasonal to seasonal(S2S,two weeks to three months) system is relatively weak,and this
has become a challenging issue for the meteorological community and operational services.In 2012, the research
team led by Prof.Tim Li at Nanjing University of Information Science & Technology developed the spatial-tempo-
ral projection model (STPM).The STPM exhibits high skill in predicting the rainfall and temperature anomalies
and extreme events in China,such as extreme precipitation, heatwave ,extreme cold days and typhoon clustering e-
vents, at the lead time of 10 to 30 d.Real-time extended-range weather forecast have been carried out using the
STPM at the National Climate Center and in several provinces.In addition to the subseasonal forecast,the STPM
has also been successfully applied to the forecasts of spring rain in Taiwan, the onset of the South China Sea mon-
soon and ENSO.In the present paper, we introduce the physical basis of S2S prediction and the development and
application of STPM,and discuss the challenges and future prospects of S2S prediction.

spatial-temporal projection model ( STPM ) ; subseasonal-to-seasonal ( S2S ) prediction; extended-range

weather forecast;source of predictability ; extreme weather
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