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Abstract Basing from observational data, this study analyzed the variations in ISO (intraseasonal oscillation) of the
daily temperatures and its relationships to the low temperature in December—February of 1979/1980-2017/2018 over the
lower reaches of the Yangtze River (LYR). The daily temperatures over the LYR in December—February are mainly of
periodic oscillations of 15-25 d, 25-40 d, and 50-70 d, and the interannual variation in the intensity of its 25-40-day
oscillation has a strong positive correlation with the number of low-temperature days in December—February. The real-

time low-frequency components of daily temperature in the LYR and the principal components of 850-hPa low-frequency
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temperature in eastern Asia from 2001 to 2018 were used to establish the time-varying extended complex autoregressive

(ECAR) model on an extended-range forecast of the 25—40-day low-frequency temperature over the LYR in winter. Real-

time SSA (singular spectrum analysis) filtering with the T-EOF (temporal empirical orthogonal functions) extension can

effectively inhibit the end effects of the traditional SSA and enhance the real-time signal of ISO. A 17-year independent

real-time extended-range forecast was conducted on the extended-range forecast of the low-frequency component of the
temperature over the LYR in December—February of 2001/2002—-2017/2018. Experimental results show that the data-

driven ECAR model has a good forecast skill at the lead time of approximately 26 days, and its forecast ability is superior

to that of the traditional autoregressive model. Hence, the development and variation of the leading 25-40-day modes for

the low-frequency temperatures at 850 hPa in eastern Asia and temporal evolutions of their relationships to the low-

frequency components of the temperature over the LYR in winter supplied the valuable predicting background to

determine the extended-range weather process in the persistent low temperature over the LYR at the 3—4-week leads.

Keywords Low frequency temperature over the lower reaches of Yangtze River, Real-time singular spectrum analysis,

Extended-range forecasting model, Low temperature weather, Winter
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K1 1979/1980~2017/2018 FEKIL Tl X 12~2 A (a) BHE T ZAYMERFZL, (o) KR HBMFERRZ UL (o (RiR H %
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AT R B AT R G T A, BT IX RORIEIE 99% 15 BEAKF R R, 18 ¢ AL EKP &R IR 95% 15 K-

Fig. 1 (a) Interannual variations of the main periods for the daily temperature, (b) interannual variations of low temperature days, (c) correlation
coefficients between low temperature days and oscillation intensity of temperature from 10 to 71 days periods over the lower reaches of the Yangtze
River (LYR) in December—February of 1979/1980-2017/2018. In Fig. a, black contours represent the variations of the statistical parameter for the
regression equation corresponding to the non-integer period of power spectra (with the individual periods (non-integer) as the x-axis), shadings areas

indicate periods are significant at the 99% confidence level; In Fig. c, the horizontal red dashed lines represent the 95% confidence level
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Fig.2 (a) Correlation coefficients between the low-frequency air temperature over the LYR and 850-hPa low-frequency temperature in eastern Asia

on the 25-40-day time scale from 1979 to 2018, in which values are multiplied by 100 and shadings indicate the correlation coefficients above 95%

confidence level; (b) spatial distribution of ratio of the variance for the 850-hPa low-frequency temperature anomalies on the 25-40-day time scale to

the total seasonal variability, in which values are multiplied by 100 and shadings indicate ratio of the variance greater than or equal to 30
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5 FEIX A 2 [ I [R] AR AAS B A2 ok i 7 R AR
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Fig. 3 Principal spatial modes of the 850-hPa low-frequency temperature on the 25-40-day time scale in eastern Asia from 1979 to 2000, Figs. a—d
correspond to modes 1-4 of EOF (empirical orthogonal functions). Values are multiplied by 1000, and the solid (dashed) lines represent positive

(negative) values
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4 2001~2003 EKIT FiF 25~40 d [RAFEE 5 %R 850 hPa 25~40 d {KAFilEE EOF 43 My 25 BAR X B (I 18] R B0 365 RIB B R

#: (a) PCl; (b) PC2; (o) PC3. 7KV HELEF IR 95% & BEKT
Fig. 4 Sliding correlation coefficients between the low-frequency temperature in the LYR and the principal components (PC) of 850-hPa low-

frequency temperature in eastern Asia on the 25-40-day time scale with a window length of 365 days during 2001-2003: (a) PC1; (b) PC2; (c) PC3.

The horizontal dashed lines represent the 95% confidence level
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K5 2001~2018 ERIL T IZH 25~40 d IRARIE CHFHIRIZ M SSA JEI, £040) 5 (a) #T T-EOF ZE4HET SSA JEEA (b)
7t T-EOF 1) SSA VES M SERHMEAIREE (W) AR, r 2 BT I AR R AL

Fig. 5 Time series of the 25-40-day low-frequency temperature [SSA (singular spectrum analysis) filtered, red lines] in the LYR and real low-
frequency temperature (blue lines) with the (a) T-EOF (temporal empirical orthogonal functions) extension and (b) without the T-EOF extension from

2001 to 2018. r indicates their correlation coefficients
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FHC TR B T5 40 I35 %) 0.93. 0.84 F10.93 (A%
ZE10 90 IR TR, WIGAEF R A2 11 A 11 H. 11
HI12H. ... 2H8H), HEZEMH/KTFAHN0.01
(BRFHFEERTm) ., NEFR LIRS,
ECAR A Emf st 70 L3R 48 43 K3 R i 12~2
H 1) 2~3 A~ 3 BRI A A X B 1) S 2 I A

K6 INAZ ECAR T BIR B o Teso: KIS ZRIE 850 hPa i T, Tos T3y Tyr SEWFARIE 850 hPa i ARSI E LS (PC); 1
ST RIS s F: T RVORIERE, r: VIUGWTIE; Mo: THFIKE; TE, TEy, TEs;, TEs 19794F 111 HZ 2000 4 12 / 31
H 25~40 d R0 850 hPa ifi 5 = BT 4 DML Vi, Var Vs Va ) T-EOFs; TE;: 1979 4F 1 7 1 HZ 2000 4 12 4 31 H 25~40d K
LT iR T-EOFs

Fig. 6 Schematic representation of the time-varying ECAR (Extended complex autoregressive) forecasting model. Tgso: Real-time 850-hPa
temperature in eastern Asia; T}, T3, -+, Ty: Real-time low-frequency principal components (PC) of the 850-hPa temperature in eastern Asia; #;: Real-
time low-frequency temperature over the LYR; F: Extended data matrix; #o: Initial time; Mp: Length of the subsequence; TE, TE,, ---, TE4: Respective
T-EOFs (temporal empirical orthogonal functions) of the principal components of the 850-hPa temperature in eastern Asia on the 25-40-day time scale
for the first fourth modes V1, V3, ---, V4 from 1 January 1979 to 31 December 2000; TE,. T-EOFs of the daily temperature over the LYR on the time
scale of 25-40 days from 1 January 1979 to 31 December 2000

Bl 7 2001/2002~2017/2018 4 12~2 A KL F il FEARA S B 1~30 d TR S5 MIH (2> MRRE. (o) bRl riiRzE . sLik.
ECAR #%4; JEZk: AR B, Ela. b ohKFLLINTR 95% KIE KPR 1o (o RapbrEE)

Fig. 7 (a) Correlation coefficients and (b) RMSE (root-mean-square error) between the observation and the 1- to 30-day forecast for the low-
frequency temperature component over the LYR in December—February of 2001/2002-2017/2018. Solid line: ECAR model; dashed line: AR model.

The horizontal solid lines in Fig. a and Fig. b represent the 95% confidence level and 1 o-(c-indicates standard deviation), respectively
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K8 2001/2002~2017/2018 & 12~2 AT AR E RS BTN SL AL AR BB ERRAR . 28 400 . RLAFIR 11d. 14ds
17.d f1 20 d Fitile, KTV HELITR 95% (& KT

Fig. 8 Interannual variations of the correlation coefficient between the forecast and the observation of the low-frequency temperature component over
the LYR in December—February during 2001/2002-2017/2018. The lead times are 11 days (green line), 14 days (red line), 17 days (blue line), and 20

days (purple line). The horizontal dashed lines represent the 95% confidence level

K9 (a) 2002/2003 4E. (b) 2007/2008 4E. (c) 2010/2011 4F, (d) 2015/2016 4F 12~2 A KIL FUFHLIX 25~40 d ¥ 5ARIS) 5 A S b
(524D #1ECAR BEAYM 20 d TR (MBZR). HARFRIZE HAREEF (BAA2: °C), r 2 TN AN SEHL 2 R AR OC R E, TR AT 4R I 1R 23
AMEINHAINH. HHARA....2H8H

Fig. 9 Observation (solid lines) and forecast (dashed lines) of the ECAR model at a lead time of 20 days for the low-frequency temperature
component over the LYR from December to February of (a) 2002/2003, (b) 2007/2008, (c) 2010/2011, and (d) 2015/2016. The bars represent the daily

temperature anomalies (units: °C), r is the correlation coefficient between the forecast and the observation, the initial date of forecast is 11 November,

12 November,..., 8 February, respectively
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