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A study on the extended-range forecast for the low frequency
oscillation of temperature and low temperature weather over the

lower reaches of Yangtze river valley in winter
YANG Qiuming'

1 Nanjing Joint Institute for Atmospheric Sciences, Nanjing 210009, China
2 Jiangsu Meteorological Institute, Nanjing 210009, China

Abstract Based on the observational data, the variations of intraseasonal oscillation (ISO)
of the daily temperatures and its relationships to the low temperature in December —February over
the lower reaches of the Yangtze River valley (LYRV) were studied for the period of
1979/1980—2017/2018. It is found that the daily temperatures over the LYRV in December—
February is mainly of periodic oscillations of 15—25, 25—40 and 50—70 days, and the
interannual variation of the intensity of its 25—40-day oscillation has a strongly positive
correlation with the number of low temperature days in December—February. A real-time low
frequency components of daily temperature in the LYRV, and the principal components of the
Eastern Asian 850 hPa low frequency temperature, over a time period ranging from 2001 to 2018,
are used to establish the time-varying extended complex autoregressive model (ECAR) on an
extended-range forecast of the 25—40-day low frequency temperature over the LYRV in winter.
Using the real-time SSA filtering with the T-EOF extension, it can effectively inhibit the end
effects of the traditional SSA and make a better real-time signal of ISO. A 17-year independent
real-time extended-range forecast was conducted on the extended-range forecast of low frequency
component of the temperature over the LYRV in December—February, for the period ranging
from 2001/2002 to 2017/2018. These experimental results show that this ECAR model, which is
based on a data-driven model, has a good forecast skill at the lead time of approximately 26 days,
with a forecast ability superior to the traditional autoregressive (AR) model. Hence, the
development and variation of the leading 25—40-day modes for the Eastern Asian 850 hPa low
frequency temperatures and temporal evolutions of their relationships to low frequency
components of the temperature over the LYRV in winter supplied the valuable predicting
background in determination of extended-range weather process in the persistent low temperature
over the LYRV at the 3—4-week leads.

Key words Low frequency temperature over the lower reaches of Yangtze river valley,
Real-time SSA, Extended-range forecasting model, Low temperature weather, Winter
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ICIR A 1) 10~30 d A FoiAhe, 0 T DR S8 1 T K I ] P B 22 1, T R 7 9 s ok A,
KRR R 5 KR 55 9 S5 R SR SRk M 2k B R B RS, TR e EBAR R AR
1l 55 1) B8 R TR i e SR BRI ) S 4, et 3 I IR+ KB R e Ak R B B
RGOS K IEHH ) o

H A 28 AR W28 R X KRR AT it BRI B S FE B AT, 6 5 BT R X
HH I R S RERIRL UK VR 5 55 o A R0+ v 2 RMER 26 5 BRI (0 R A% FH #8735 20 A [7]
AR, R B R AR S 5 KR BRI Bl 2 1] 1) % Ff A ELAE FE AL 22 57 10 2 A ek [
XU T ERA Rossby % 1% 4 K i 3l A2 i 21 (4 S Bt s 38/ I (Bueh et al.,2011). 4£3))
A S 20 E 2 A L B % R A (Zeng, 1983) &b 1R % PH % R Gon K ya R 5+
RN i IR = A ) R RN P[] 52 0 (2R I R 2R 2,2019) 58], -5 BIUX Le iy S Hh X IR
R G TR SARIT S (94 15 110 22 R, BT LUK 1 2 57 B 06 20 8 R M [X 4 28 XL 3R G 2 B2 A
UGB 5 R G I B S AR LB R o R TSR EUE T R . PR R
AN 5635, BRI 25019 10~30 d S (AR A0 113l 70 T 58 22 50 . 25 AR ASE = 1 T v 2800 12
BE H RT3 AS REIH 2 2B AR L 25 1 75 3R o (B, KBS GOMIAEE (& 4 /s 1 2 s
S, FRATTAT AT 2t o 2 UL G (U A [ e 1] R PR i A1 i XK ROBE AR AL 2 ) A2 1 550 i
TV b B, SEEUE SRANRIG G ORI T . [F) I i ot 2500 o M 771k, nT DA &
NS s R AR B R BEARATAS 5 (RS B2 o DRI, 7840 K 51 SR B B0, i — 20
TR 5 o s TR R () K AR AT ., SR B b A S AT 5, 9 S 0/ IS A A ) 9 1
(RIRZZ, 3 WA 5 25 L P IS TR) AR Ak, o 0 BIX )y A Ja 5% e P 5 A O A6 2 A 2 et
JATIN, A7 R (A3 i A A S TOUAORS P P B AR 2 —

S A9 R R R AR FRUPSE PR T 4 3, K1 S S e 0 i 52 ) B A 900 ML )t A7
A BiRAE ] 3K IE /& 10~30 d S TR AIT 78 I AE £{(Hoskins, 2013; HAZTE4E, 2010). ANFET
IR TBURRTREE 3934 TN, S A 3 T30 e 73 56 4 MRt R AR AR AR < 1990 4 LUK [ A
HMR 2 RGNS R 1) £ 55 S A SR 7 VR AT T R BT (T — V0 R, 2010; £
&5, 2013; MKW, 2015,2016,2018b;  Kondrashov et al, 2013; Zhu and Li, 2016,2017,2018;
Sabeerali et al., 2017; Krishnamurthy, 2018;% K4:%#,2019), F 456 H{A K (Vitart and
Molteni,2010; #8EHFE, 2012; #ih40%5.2019). 3 /-G8 iH(% B %4, 2017;Abhilash et al.,
2018; Sahai et al., 2017; Karpechko, 2018; Lavaysse et al., 2019). G i1 (Xia et al, 2015; Szekely et
al., 2016;Wang et al.2016; Zhu and Li, 2016, 2017, 2018; Sabeerali et al., 2017;Stan and
Krishnamurthy, 2019) KEHE (8K BH,2015)5 77 7%, H A R 4R & A E 520 (Neena et al., 2014)
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BB B 5 1) 187 46 B AL 5h 77455 X (Kondrashov et al,2013;Chen et al.,2014,2015), #iF K<
30~60d #1%%(4f SUIZE,1963)[MIO(Madden and Julian, 1971)]F TR 2% Ci% 5 1K 5 12~25
d(Neena et al., 2014),3: 41 ECMWF #50i% %] 36d(Lim et al.,2018),Jb-ERE FHHFTT N IR
(Boreal summer intraseasonal oscillation, BSISO)(Lee et al., 2015) Tl i % ik # T 20~25 d
Fidie JEAEOR, SR FH A A 30~60d AEAT oy B AN ] S A5 B, #ay Xt A B Pk . i
HIXARAIR IR it SIS B MRS B I TR I K B 3~4 Ji o 52 =X IHREK. miRA
A A I R 2 DI 2R 11 o [ /KRR, 10~80d ERAT 4 2 YO SEAF S TR S 2k 3% 5~6 1 /2
45 (Zhu and Li,2016,2017,2018),1H 10~30d {EA5 73 & I F0I S 275 /N T 3 i R T EZEKILR
it b DX A ol A AR 7 v, AT P AN ORI 9T R A o SRR R T R (10~20 d, 20~30 d,
30~50 d 1 50~80 d %) HIZETT IR (Intraseasonal Oscillation, 1SO) FEAT 4 /K A5 B4 7K
MR, RAZ. Giit KBRS ZHOEEKY, 2015), BUF TR 24 & U SR,
fIRAT K TR 0L 2 25~30 d /247 (Yang,2018a), 5525 T 20~30 d #:3% (K 1,2009) %8
SEIAEDY, DEEKF 50 d 2 H MMM, 2014a).  B4h, SEFKITFirmiRasRmK
LR E 30~60 d & MR OFE RS TR BF R & 23d A 4 (% Ak B ,2018b)
(http://www.lcjrerf30.0rg[2020-5-201). {H &, SR AP 5108 T 240 73 B & AT il i X AR g
AR R SR AT (AR AE 1R BB 28 R 5 A 5 1 JE 1%t 2 AR AR 33 ORI LTI AR AN 22,
) X N PR AT 5 S A R R AT S ol 03 FOU0 FROARCBR 8D o e A, 3o 25 O AR 22 S ek 4

To 7 2 5T A, R F 8 BT R U 77 V[ Butterworth Y8 U (Murakami, 1979), /N4t

(Torrence and Compo, 1998), £:4 452543 Hr (Empirical mode decomposition, EMD) (Love et al.,
2008), @it 4 HT(Singular spectrum analysis, SSA)(Ghil and Kingtse, 1991; Mo, 2001)%%],4L
FiA I 20~50 d JEEAE R 2B BT 1SO 5 5 M55« X iz 22 ORI SE I 8
BATHE 2 S BRK 10 d LRSS B S T 45 SRS T 52, 40 /2 9 B0 P TR 4 &
(¥ F2E fef S T A2 28 FUAR AN A (0 S R 22— o DAL, R PR 4 368 1A 0 4 T A0 A 48 5 7k i 48 L
TR T 10120 GRS, SRS B 1 AN SR 4R T R U 5 R R T T o) — A
RSB EETRKFFI1979 £ 1 A 1 HE 2018 46 12 A 31 H)iZ H WM EHE, 750 Hr 215 py it
[ R AL R i R AR AT 5 A1 12~2 AR BRI G &R, 9 98 4R T2 850 hPa il B2 (AR 3=
F A3 R YL e b X AR 32 BEARAR o 5 2 T PO T R RIS [R) AR (AR AE, 4 5 KU Rl IX 4
Z IR St FpH AR ot 7 (1 5 35 PR 505 3 T (SS A A3 B VL R SR AR T 850
hPa I 1) 5 B A3 s 5 P B AR B R IR Bl 3 b R ARSI A 72 5 R G ¥ ) e R ST
Ji& 5 4 [nl 987 (Extended complex autoregressive model, ECAR)(#% %X ¥, 2014b; Yang, 2018a)
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MEA 2 2 AR LECF2.0(# %K B3, 2015)], %F 2001/2002~2017/2018 4= 12~2 HZEHKIT T
iFe L X () = R AT 3 B AT ST (R0 57 S A T A . 7 TS, SR SER SSA
JE 7% (Yang, 2018a) @ HUR AT/ i, W IR GH 4 L SSA I I T, AR Hitie T4
ZeATL T A AR 2 7T FHR A ) 4 PR AR A
2 HIEREE
KAL T2 H AR KT R X (30.5° ~32.0° N, 118.0° ~122.5° E) 25 u5*F-¥1H,

ZRIVHE X 850hPa i fE 171 Hl NCEP/NCAR & H F 2 Hr B BH2.5° X2.5° #% 50), BLEBERHE
)72 1979 # 1 H 1 HZ 2018 4 12 1 31 H(FL 14610 d), AERATRFE I 37 T ik 46 i [] 52
2001/2002~2017/2018 “F4E4FE 12 H 1 HEXEE 2 28 H(E% 1530 d). AXZH ETCCDMI
(Expert team on climate change detection, monitoring and indices) & S AR Az S 446 K (1) 77
7% (Alexander and Coauthors, 2006 , il B2 F1 70232 OB AR H 0 T VL R X,
FEATMHI—FE 12 A 1 HESE2 A 28 H, 1979 4% 2018 4£3L 39 N&ZF) BHIIH T
RTS8 10 AN 20 SLIE (2 BN B R R HEFU NS ) (K~ 3 7E S s SRR I 1 1R AR, 4
AT 35 AR T BRAEL ) B W AR H o XA R 8 S B A A 2R KT i b X A IR H
BB 75 H S AR 12~2 A KL R 8 H AR AT 80k T #1873 #7 (Schickedanz
and Bowen, 1977), B 77 5 B ) JA IR 5 0 R HC AR R A8 Ak, 43 M7 A [+ Bf 1) FUBE P EE 1SO
55 12~2 KT R XA H #0217 R IR FE 4RI 850hPa AR AT & 5 4K VT R i 3 22
ARSI 2y R &R SRS KD T I E H AR AR 51 A R 3 B S3 43 BT (Principal
Component Analysis, PCA){S Z ) %< V. 850hPa i fE37(15° ~60° N, 60° ~150° E)F: %2 [ 5
AR )R B SSA IR, =GR BT R BT RS S 10 4 5T A LI
KA T FEAR A 03 B 15 5 AR I 850hPa i H T BE 37 1A 32 j 40, W) ™ e A2 8 i ] e A
(ECAR) (F3#k#,2014b; Yang,2018a)3/t 47 4 A 310k <7 T 6, T FEE AR A0 2 12274 A A8 A
[ECAR, BIMEAR S AL LFCF2.0(0 8K, 2015)]. SCHIEBEE 24 (107 7 51K 5 3h itk
AT By AR, 1N 5T BT 53 55 TR DR P B ) A A, B e AR () T AR 1k o 5 &b AR STHE 512
i) ISO 15 T4, 4 T-EOF & Fr [ 4 g Fr 41 47 % . T-EOF FHUl &4 (K 100 i )3 24
IR 7B FE AT 20 SSA RATU AL 43, B S Rt v 120 7 S 0T VB DR B8 (S gt b
IR T I] to ARG S50, 1T A A H ) 26 81 SSA B I8 (1320 S 200N o 1P 4 THI 2 S5 4
FP 55 BRI SSA JEI 7 1%(Yang, 2018a)ReBAER IR ISO FRIEAALAHAZAAE B, + 77
T T S S A TR o
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3 ZFFKIITIHEXSEFTRRGSKIE BN XER

NT VR AT 12~2 A K IL R W IE H R B RGO IR %R b R AR,
1979/1980~2017/2018 “FiZF4Z= 12 H 1 H&E 2 A 28 HIZE H B 7 7 AR Th %
WEOMHT, FERE RSN A AR R b A ThE et B [ E 5 AR I St F A DA% R A
AR, BRI AR, 1E 4 F AR R —FRE(E 1a, 4 F > 6.0 B, HEEMEE
0.01). M 1a AT, R 0.01 B HKFRES M F LRI 15~25, 25~40, 50~70 d.
15~25d #R3% % T 1993/1994 4£. 2013/2014 F12015/2016 H LA 2 A (FHrb 2013/2014 4
3% A HAIE KB 26d, 2015/2016 455K 13d), HAW R B EAE, KL /BT 0.01 B3
PEACPASEE; 25~40 d 9 BIPR £ ZE I RAFTET 1979/1980~2017/2018 3R] IR 70 42,
fH 1994/1995~1995/1996 . 2006/2007~2007/2008 *F #& % % 55 ;1M 50~70 d J& # 7E
1988/1989~1990/1991. 1994/1995~1995/1996 F1 1999/2000~2001/2002 4 JH [A] 4/ %% A~ B 2., 3
REMIEEE . Bk, 12~2 KILFHE HilREE EZRIN 15~25, 25~40 F1 50~70 d ¥
JEMR G, BAPAE 2 (AR R AR . BA BT I 12~2 VLRI H IR 2 B ) R 9R 3
AR, B AT RR SRR = A IR AR M 2 — o B R H S KT T R X A Z IR 72 S A ¢
STBERT L 14 DR S 5, A Sk L B 1] FRUE (R ER AT o 2 780 A P SRS R 36f T 38 v R VL T i
(X A ZR ARG e ) A A S TN s B L
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AR BR AR AL (b) BA S AN R J 4 1SO 2 IAJ R AH 2% ()
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HRZL K R 2ol 0.05 & EA

Fig. 1 (a) Interannual variations of the periods for the daily temperature over the lower reaches of the Yangtze
River valley (LYRV) in December—February during the period of 1979/1980—2017/2018,shaded values are
significant at 99% confidence level; (b) the number of the daily low temperature in December—February during
the period form 1979/1980 to 2017/2018; (c) Correlations between the number of days with daily low temperature

and oscillations from 10 to 71 days, and the significant level of 95% is represented by horizontal red dashed line

Bl 1b /& 1979/1980~2017/2018 “EHIAI%ZE 12~2 A KL Rk X AR H £t 40, I
1983/1984. 1984/1985 SEAZEH % (20d), 1994/1995. 2006/2007 F1 2016/2017 E4ZE T X 15
IR H K. B e AR H A0S 10,11,...,71 d 35 R 50 B D 7 8 3 (AR 50 - 1 oh R 3 vt
R R FRIGe it & F ARG AP AT ORI T e X A 2RI H 805 A 1
25~40d ¥ Bl Py 10 1 P58 JA U4 95 5 P 45 S 3 — B IR AR O, G e J 2 1 TR BE AR R 2 30 d,
RIAMEZE B IEA R AR REUE 0.418(REMIE 0.01) » 24IXFh 25~40d /2 A7 KR 1 5
425 12~2 A KT R ARG BB o X Fh 25~40 d 7245 AR FE R 3 B (10 Bk FA Jmes
KT HZ KT R0 KT A2 B3 1960 28 d 47K 1SO (I I AR, 2009), MR
FRIL TR 1SO HRgmE oKy 1SO B ER —E %R . HTAFEKIL
UL IX AR HBOR 25~40 d IERBERSIIRG R R B VI, XF 10~30 d B I FUBE FR) S Ak S IR
KA TR A A EIFIIFE R Lo FA, A SCE BN 25~40 d I [A] RUBE, @ r A =KL R
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K2 (a) 1979~2018 LKL TEHLX 25~40d AR 5 A< . 850hPa I AR 37 (¥ AH 5 40 A, B FR AH 5% R 4L
Eix100, BEEERET 0.05 HE 3 IX 8 (b)850hPa (KA I HET 25~40 d VWK JFHI 5 JF LG F 4
FH AT Z HER A oA, EREUE E X100, 070 %, FIEIXER>30 HXE
Fig.2 (a) Correlation between the daily temperature over the LYRV and Eastern Asian 850 hPa temperature

anomaly on the time scale of the 25—40-day during the period form 1979 to 2018, in which values are multiplied
by 100 and the significant levels of 95% are represented by shaded areas; (b) Spatial distribution of ratio of the
variance for the 25—40-day signal to the total seasonal variability, in which the contours greater than or equal to

30 are shaded. Values are multiplied by 100

© (d)
K3 1979~2000 4 41 850hPa 25~40 d I FZ37 5 1~4(a~d)2 8] 73 A1 224, [T v 504 L3R BL 1000, 2 28
FoRE
Fig.3 Principal spatial modes of the Eastern Asian 850 hPa 25—40-day low frequency temperature field from 1979

to 2000 , in which the (a) ~ (d) correspond to mode 1~4, the values in the figure has been multiplied by 1000, the

dashed lines represent negative values
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RV LS 3E Hb [X 8% PRI R G0 2 1) B S s AR ELAE L, T R R PR3 28 A i 2 S
H B (32 B G R L e e+ P KT I Y e e DA B 2R I KR R 8 A1 ) I v e 1 5 55 ),
FHECKTT T X 5 MR K (K, 2012)F0 4 ZE M IR 1 R 0 BRI 7 5 R 3
T2 5 A TR, Hh 24 B2 KRB PRI 52 2% AR A 0T B2 KR J DR R R i 2 2 ) 4%l [ R £
RATR A, 2 5] AL A KL P RFEERIR R B R E 2 —. B 2a 45 T KIFFI(1979 4
1 H 1 HZE 2000 4E 12 A 31 H)&EHKIT FifhIX 25~40 d AR E 5 4R 850hPa i AR &
W HAR S 23 18] o0 A T, e A B IX it 0.05 f9 5 25 VR I6 (5 FE DB 1 21 FR 4 M A S i,
L R B BT 0.16 F10.21 BB Z M 0.05 A1 0.01). KRR H B 5 A RKIE A 2
JEE b [X 280 ARV 3 b X 1) 78 AT s XA 478 (0 51 285440, 5 BRI 1Y) EUP ISR 51 A L,
H S 5 T SR AT A % X AE RV R B (R 35 PR 0.01), [7] B R IE A Ry w83 JB8 R 1 4y 17 K
ST b X 50 4 35 1) 7R DG IX 36 S 41 3 2l DX dslt X (32 B v ] 2R K o T U B LA R
b DXt A2 5 22 TTRR OB X (B 2b)], BB T 75 0 e 4 P R Rk bt DX AT R Gt KT T Ui
IR BEARSRA AL VR Y, & IR s M AL 5 Z2 3 — P 7 T 230 A 25~40 d I [B] RUEE 2R . 850
hPa ISR EE 37 1A B 23 AR AL ARFALE, 25 PCA 43 47,45 31 7 A~ 1 B AT FE 2 (B SLAAS (BB AN 8] 2
1979~2000 4,7 F1H i 5 8036 d, HH Butterworth JEJ% 13 F W HLIX 850 hPa 25~40 d A
FE3), SRR T 20 0 16.7%,14.6%,8.7%,7.3%,6.2%,4.5%F1 4.2%. #t—E%F 1979~1997
FE(19 4E)F1 1979~1994 4E(16 4F)i% H 4R 850hPa it & 43 HIHEAT 3 B/ 0 b 45 28T 7 A2 1)
RS, FIAS [FIRE A B2 45 3 (R RFAE 17 58 0 PR SR A AR 52 480 EL (P AK B, 1993) 7% %2 2% [ 43 A1 214 )
B [ s P, R I EATTS B3R 1979~2000 (22 4)TFEI 7 A28 MRS Je M R LR HE K
T 0.90(KME), K HHIX 7 AR BEREAS AT IR L A I ()RR M o IX BEBE R I 7 PR 1) 2 1)
MZ AL FERIZR L 850 hPa A BE A (b 1] 3a~3d 737345 i T 2R IE 850 hPa 25~40 d ik
PURBE S 1~4 FRBE), TS RIEZERE PRI 5 57 A Bk R &), XLk
Z5 0 TX KRB AR J2 30 P U8 912 IR ) 4 2 R I 45 X SR (I IR R S R B R G . 53 b,
E#® 7 A PC 5 KT R U X KR 2540 d IR A & A O R K4 2
-0.18,-0.59,-0.28,-0.17,0.10,-0.03 £ 0.14, FHHT 4 4~ PC X} RiAHICITIA 0.05 BB EME(E T
BIRFEEAE 520, 240 5C R BOH 0.16 I H R ZEVERTIE 0.05), Horb 555 2 B 1 FUR S Roh B
FHHRRECN-0.59, BFENMEX 0.01). X 4 DHKILRFR > 8% VAR K 850hPa
ARSI FEASAS 2 AR b [X Ay PO A0 5 Pl 2 UHR I R G ELAE P RO 46 1, S 30 T BRI v
228l IR A ) et DX AR AL 0 46 2 R i X AUl P R e 5 M1 IR, B i 1) 2
BEE . XT38 10 2 M5, FL 23 [R) 49 A1 2 30 g M RRATE A i 8 i) 8ty T QP A% SR R AT 71 A%
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(P 3a A1 3b), AT i X 3 B 5 2R W0 850hPa I3 [ EATUAR 5K (A EAT 8 51 (B 2a),
PRI WCIE. H v 28 e DX R Ay RT3 X B AL AR LA R L KV Tt IX 4 2l FEAIR
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The horizontal dashed line in the figure represents the significance level of 95% in figures.
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Fig. 6 Schematic representation of the time-varying ECAR forecasting model.
Tgso:  Real-time Eastern Asian 850 hPa temperature;

Ty, ==+, T4 Real-time low-frequency principal components of the Eastern Asian 850 hPa temperature;

t

R Real-time low-frequency temperature over the LYRV ; to : Initial time;

M o - Length of the subsequence;

TE,, -**, TE4: The respective T-EOFs of the principal components of the 25—40-day Eastern Asian 850 hPa
temperature for the first fourth modes Vi, >+, V, during the period ranging from January 1,
1979 to December 31, 2000 on the time scale of 25—40 days;
TE. T-EOFs of the daily temperature over the LYRV during the period from January 1, 1979 to December
31, 2000 on the time scale of 25—40 days.
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Fig.9 The forecast of ECAR model at a lead time of 20 days for the low-frequency temperature component over
the LYRV from December to February
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