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Abstract

By using the reanalysis data from the National Centers for Environmental Prediction-Department
of Energy (NCEP-DOE) from 1979 to 2014, this paper classifies the atmospheric fluctuations in the
mid-latitudes of the Northern Hemisphere by wave number, and then retrieves the blocking highs
in key Eurasian areas by using the internationally accepted T & M method. The spatial and tem-
poral variations of atmospheric 1 - 3 waves (ultra-long waves) at middle latitudes and their rela-
tionship with blocking highs in key Eurasian regions are systematically studied. The main conclu-
sions are as follows: The proportion of the 1 - 8 wave spectrums in the mid-latitudes of the North-
ern Hemisphere varies from 0.93 to 0.96, and the proportion of 1 - 3 wave spectrums exceeds 0.5,
which demonstrate that the ultra-long wave is the most important component of atmospheric mo-
tions. There is a quasi-two-year periodic variation of proportions of the 1 - 8 wave and 1 - 3 wave
spectrums at 30°N or 60°N, and the oscillation in winter is more significant. When the proportion
of 1 - 3 wave spectrums is strong, the geopotential height (GPH) in Urals area is low, and the GPH
in the Baikal area is high, but the changes of GPH in the Okhotsk areas are not significant. Con-
versely, as the proportion of 1 - 3 wave spectrums is weak, the GPH in Okhotsk areas is high, yet
the changes of GPH in other two regions are not obvious. In addition, when the proportion of 1 - 3
wave spectrums is abnormal at 60°N, the anomalies of GPH are more significant. The amplitude of
1 (3) wave is positively (negatively) related to the blocking indexes of Urals regions, and nega-
tively (positively) related to blocking indexes in Okhotsk areas. The sharp increase of the ampli-
tude of 2 waves may lead to a longer duration of blocking highs in Urals areas.
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2.1. #R

NCEP-DOE #24itf#] 1979 4 1 H~2015 4F 12 Hi& H A3 5 FE(GPH) B kL, B 7 1) A 17 J2(1000,
925, 850, 700, 600, 500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20, 10 hPa), K TF-7PFEH K 2.5°*2.5°.
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3.1. FEIRABEIEL EE TALHHE

X 500 hPa S T [0 A 35 e FEE 26 Rl SO B R T, K2 Bt A B8 0 98T At
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BT 8 YKL AR OB, AN 435441 T 500 hPa 28 K _F LBk 46 5 (30°N~60°N) 1~8 3. 1~3
B e 4~6 P BARFAE o
R 145 TAEILEERF A FE 500 hPa b 1~8 38, 1~3 Y% f 4~6 U5 HI9 1% LL B AE 1979~2015 4 (1) F-31H

AR BRAP AT 1~8 P L P A R IA 0.945, P 1~8 IEAAT LRAE KRI85 1, 5 AR EE[34]
FIREFE 458 — 80, H 1~3 Pyl b E A P18 0.663, 20 1~8 Y FIPR G ELE ) 70%, XU K
W R A RIS DTk & T BRI 4~6 Bk ik L EFIME LN 0.225, 2900 1~8 S S I E
HN 23.8%, KRB LR BRI BN EE R E T 5. AN F 2R BP0 b B 2 7oA 2
IRK, 1~8 i Je 1~3 i ik bl B i 5 28 Pl ) AL T WS 980/, 4~6 I ENBSA 3G, HLARAT 22 H (12 5 7t BR
E B IX PRI BH 28 e s A 5 T A FE KRB IR &, Pt DAFRAT e % 1 A LAY () 4 Bl ——30°N,  60°N K
BEATHE T R IIBE AL

Table 1. The wave spectral proportion of 1 - 8, 1 - 3 and 4 - 6 waves at mid-latitudes in Northern Hemisphere at 500 hPa
% 1.500 hPa £ 1~8 3%, 1~3 SR 4~6 AL FIkPEEE LRiELLE

30°N 40°N 50°N 60°N
1~8 ¥ 0.946 0.944 0.943 0.943
1~3 P 0.667 0.664 0.650 0.645
4~6 P 0.222 0.221 0.230 0.236

2 R T 500 hPa EAZF S MY 30°N. 60°N £ Bl AT (H - R IF Iy, 1~8 k. 1~3 P 4~6 A
B is L AR E . N T AT R Y 1~8 ST L B 2 2 90%, H 1~8 Sk L E 1Y
BT FEHEN, EBRTE 0.93~0.96 Z [A1A8AY, U6 1~8 S &I H I Bh 2k 1 4H & T4 mT LAAR G b 4 ik K
ST, FFHEABREREEN, BRaE. 4~6 B E MmN, 258 0.24, Bk EEKEBEE IS
i 0.40 RO 1~3 Pe—t it e U, FBal b oK, P34k b B 28 0.5, HBOKE T2 =ik 0.74.
BE— BRI T R R A RSB B A AT R B o X E AN S T b AU S L E AT TR I,
60°N R K il B KA A A9 1% b J A8 Ab Y B B2 KT 300N L, BEBH 60°N b KA 9% 3h B s ik — 2.

Table 2. The variation range of 1 - 8, 1 - 3 and 4 - 6 wave spectral proportion at mid-latitudes

2. 1-8 3K 1-3 KK 4~6 HAEPEGE LFINRIELETWTER

1~8 % 1~3 % 4~6 P
30°N 0.93~0.96 0.59~0.73 0.17~0.29
60°N 0.92~0.96 0.50~0.74 0.18~0.36

3.2. BKBOK &L ERIR B L HHE

2o b TR T B E B T BT AT E A NIE 1~3 PR i A TR S F B AL 43, AT AT [35]
R TP 2 AR BOE LB L 2 iR, 1~3 IR sl IR A R R IR [30]. #2712k
PATEGHTTC 1~3 PHARFAL . AT LD RY—H R PS5 X 5a8%L2, N Z
A] AR OG REL g € SONEEH R Hla% REON RGO, FoR BERAETHE N BLN 2 MER s -

%3 RN T 30°N. 60°N £ E 1~3 P ik lU B8 ) adh R4, AR 3 R BRATAT RIS EILAR 3 25

il

1) FEAFE AT, ARSE LR 13 Bk LB RS R R AR . R4k L, AFAG
(s KRB AT, BUE RN 30°N _LIE@H FZERERE T, flREPIEES, 60°N
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Table 3. The monthly variation of 1 - 8 (a), 1 - 3 (b) and 4 - 6 wave (c) spectral proportion trend factors at 30°N and 60°N
% 3.30°N. 60°N 4[| L 13 UKL EREE ZRH AREN

Jess 1A 2 H 3H 4 1 5H 6 H 7H 8 H 9IH 10 A 11 H 12 A

30° 0.15 0.08 —0.02 —0.1 -0.27" 0.07 0.12 0.12 0.04 —0.14 0.15 —-0.05

60° —0.05 0.01 —0.12 0.04 —0.12 —0.1 0.08 -0.23 —0.06 —-0.04 —0.1 -0.25

R 90% 1 R .

2) 30°N ZhfE I 1~3 P b s A BRAfbia A K. A 5 A0 30°N ZilE LiY 1~3 pat it Lh B R L
TR S (R 55 a5 a3 R B I 90% 115 B A 46«

3) 60°N £fi[E] I 1~3 e it bt H 1 H Brita 35 R0 S A K (R A T — R 0 H s KEC8 U,
FH 1979~2015 4F 60°N £hfE E5 H(BR T 2+ 4 7 H) 1~3 PR L I H AN [ R 1) ok 35 (0 55) »

B TSR TR ARMAERE L 1~3 Pl L E M ERRAR . PN b 1~3 b i L ARk
B AE 2 AR . W 1) BRATAT LLE 2] 60°N 4il8 1 1~3 J kil b & At IR IR IR K, 298
0.05, 30°N I 1~3 it Lb & AR IR IR R /N, 2058 0.03. 1995 4F 60°N £ I 1~3 3kt Lk A 3 iy
MBS AN 049, ZJEIEIEK, £ 1997 FEBHKEN 0.74. 60°N ZhifE b 1~3 Sk b R =
W ATRETIURN A 20 2D 90 AR KA I KA RIZIARAL . B IRATTRE R BI7E F- L84 4, 41 2003~2014
B, NG R 1~3 SRS LU E AR AR OS, Ry, W1 1990~1994 4, PRANE B LA
PeE R IEAGR R XU TG LK B R S B, Hgmilsl ey E k. &FHK
T U LU B (A BB A RN AR X (AR AARRAE, (RIS AR 1 AR A BE s B . 7E 20 4l 90 AR
(1) 1~3 P bb BRI [A] I AEFFE RS AR K, RAE TR 4 B2 RS RAL T 2 HOIRAS . RN Luo 45[13]
(A 73R A= 51 BEL A 20 R R RAERAR, XAGREIE T sh b 13 B S & VIR .

0.8 r(@ 08 r(® .
!
0.75 0.75 A ﬂ . i
[ A’ N o \ "n H
0.7 0.7 -/‘1’ “ [l ‘\l““ l' l"l AJ"\}“} o‘-l \ .:'l“‘%':_
. . ﬂ’ b 1RV AV \ Y
A" H 1] 1 H N v
%0 t 065 | SRR AT A VAR
& 9 .
v
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----- 30°N = 60°N ====e ZHEBON) woueeeees RHE(60°N)

Figure 1. The interannual variation of annual (Fig. 1(a)) and winter (Fig. 1(b)) 1 - 3 wave spectral proportion at 30°N and
60°N
B 1. F£(El(). ZZ(E(b))30°N. 60°N 458 L 1~3 FR IS ERFERRT L

AT 60°N | 1. 20 3 P& SHE R B R A b, R R T 1 2, 3 BHEKES
KA B, BATRIAEAFED B RIS 60°N 26/l A AR F R, KEAT LA “ =il =4
B CPIRERPE AL (BIRG). M T SRR B 1 MEREAL T 40°E, 1 ANEPEALT 100°E, X
B B s, DU X BE o 44T “PIREPIE AL B, Sl RS IR R ], 8w R
T, PRSI S W, 76T T, K ik — 0 e K U 5 RO S DX B 5 1) K R AT 9
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AR RN A FE[36] [37] [38], — B3 500 hPa £ 3 1 K e SURIRSE &R L &, BT ABRATT & S /b
KI5 500 hPa (A EHMI KRR, EEHF ARG ERFE 500 hPa 73 m E AN, WK 2 Fix.
2 45 H T 30°N. 60°N | 1~3 Ptk b 8 S5 (955 15 L T » 500 hPa 1o 35 s FE I & o i o 14 2 R,
2 1~3 P L AR ORET, S R O SRR B s B SR, OB /N T30 gpm,  TUIIZR L XA IE
MR, KL 20 gpm, HF HEBIEIE T 90%HIME B SS: 4 1~3 PRI E LG 8 (/N 51 2 g b [X
HIEMA A= SE . BT, 2 13 Bk e fm sy, SRR L XA 3 m FEm A, P e, (Ha
BRI DX AL S v B ey, R T PSR R R S 4EFE: 75 1~3 JBOE tE EmgSnT, SR R th
X A7 34 o JE 37 i it BEL o i i o 5 LRI 60°N_F bR K I8 38t i bL B 5 B ) 500 hPa o7 34 7 5 S 5 BE N 2.

90N 90N

75N

60N

45N

30N

15N

- E T T .y ) T
100E 120E 140E % E 60E 80E 100E 120E 140E 160E

o ———
— <.
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E(% v r M, =z & - E% T T - f T
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Figure 2. The composite of GPH at 500 hPa under the conditions of anomalous spectral proportion for 1 - 3 wave at 30°N
and 60°N (Fig. 2(a)/(b) indicates that the 1 - 3 wave spectral proportion is strong/weak at 30°N, the 500 hPa GPH anomaly;
Fig. 2(c)/(d) denotes the 500 hPa GPH anomaly when the 1 - 3 spectral proportions on the 60°N are strong/ weak. The
shaded part is passed the 90% confidence test. Contour interval is 5 gpm.)

2.30°Ny 60°N £ 1-3 BRIELLEREERT, 500 hPa (IEFEAIAM((2) (b)FR7R 30°N L 1~3 FIRIELL E58(55)
B, 500 hPa (IFBEERIRE; (o) ()FRR 60°N L 1~3 FRIELL EIR(55)RT, 500 hPa UBEERRE. FARBIZE
83T 900%HEERL, FELER S gpm. )

MM T &M T7ike & M i 7] IS R H R £, P83 GHGS B/ — B RE 1 1 BEE AL I ARALE
PR OBREZ, PTCABRATHRAI ARG, KA TT 1~3 B 5 BRI SR X P iR R &R
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4 JEZR T 30°Ny 60°N b 1~3 i b 5 R SCHE IX B e i BOCR BUE IOAR S R 8L o (U 3
AMHRRE(AZE 30°N B 60°N b 1~3 Pkl b 5 0 L X BH e 1 B R AUE S8 60°N | 1~3 %
i bG5S X P RAVED)E T 90%HIME RS, A —E ST L. &3 30°N b 1~3 Bk
PO 5 5 B SRR R FAE R R, HATE30°N b 1~3 Bk b EBROR (), 2 X BH = e Hr)
FPEHANCR), PHmom g (sm). H 60°N ERFILIEL 5 30°N fIAH SO G, 2ILEE A IEAH G .
I 60°N b 1~3 P b 5 S0 B i R A H R IR B U R
Table 4. The correlation coefficients between 1 - 3 wave spectral proportions at 30°N and 60°N and cumulative blocking in-

dexes in Eurasian regions

%% 4.30°N, 60°N £ 1~3 MKt ES & X RFRHIESIEHHE X R

LR TUI/R WA FEE K i
1 -0.219 0.117 0.015
30°N N
L& —-0.384 0.129 —-0.248
AEY 0.069 —0.076 -0.33"
60°N R
L ES 0.283 0.242 0.049

TRARFEE T 90% 1S RS .

PAERIBE TEAR TS e 1~3 B A L s A S A AT R R, T HAEY S X FNIEFEZER . (H
R 1~3 PP S B 58 R AE_RIR BT TR TOVE RO, AT TL[391R I AR 2 232 2 PAE
i, ATEAA 2 P ARR B s M o 35T ORI AW IT 13 24 3 30 5 BRI SCBE X P R R 2R

RS TR T 1. 24 3 PHIBEhIRIE 5 RIS 8 X RAR A BE s T 2O G R B R AT LA
B 3 pidie:

Table 5. The correlation coefficients of the amplitudes of 1, 2 and 3 wave and the accumulated blocking indexes in each area

F5. 1. 2. 3EMRIBRS XX RRNESEEHEXRY

B4 LER VIl TUmMZR SR IR i
" Y -0.140 0.143 0.274
1Y . .
L& 0.356 0.254 0.428
) ] -0.072 —-0.046 —0.135
30°N 2P
P& -0.254 —0.100 —0.044
" F -0.082 -0.014 —0.445"
39
L& 0.054 -0.054 -0.098
" 1 0.374" 0.048 -0.300"
19 . . .
L& 0.339 -0.317 —0.340
) ] 0.171 0.078 0.125
60°N 2 W . .
P& 0.345 -0.253 0.304
" F -0.462" 0.002 0.257
39 . N
& -0.313 0.224 0.572

1) 5 VUI/REMXAHE, S8R I A SR e g X BRI e 5 1. 2. 3 BEhIRIE Rk &
BN, DU X RAH SR E 542 60°N b 1 BRiE S0 R A G, X 7E— @R Bl
1 e SR 2 AN S X PH i SR Y 58 R N E )

2) EAZFEL ISR IX R EEES 30°N b 1 JRIEA B M IEA R R, SRl X SARE
FTRECS 30°N AR 3 PRI A B A O 5
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3) TILRFIIEREAZE, 60°N 3L X ZAFH A4S 1 RE 2R IEMHEKR, 5 3 Bk
A R ARG R SRl X I DL IR 5 S I AR, 5 60°N b 1 S HRIEA I 2 MG, 5 3 ik
MEA IEARR R, JLHATEMERE,
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Figure 3. The composite of GPH at 500 hPa when the amplitudes of 1 wave is abnormal at 30°N in winter (Fig. 3(a), (b)) or
when the amplitudes of 1 wave in annual year (Fig. 3(c), (d)) and in winter (Fig. 3(e), (f)) at 60°N or when the amplitudes of
3 waves in annual year (Fig. 3(g), (h)) and in winter (Fig. 3(i), (j)) at 60°N. (Fig. 3(a)/(c)/(e)/(g)/(i) indicates the composite of
GPH at 500 hPa when the amplitude is strong; Fig. 3(b)/(d)/(f)/(h)/(j) indicates the composite of GPH at 500 hPa. Contour
interval is 10 gpm. The shadow part indicates a 90% significant test.)

3. BEF30°N £ 1K(E 3(). (b)), FH(E 3(c), (d)REZZFE 3(e). (H)60°N Lk 135, F¥(E 3(g). h)RE
Z(B& 330). (j)60°N L 3 EiRigSF E/, 500 hPa (LHEEE RIS BK(E 3(a)/(c)/(e)(g)/()FRmHiGEL EIRIERT 500 hPa i
BEEMAR; B 30b)/(d)/O/h)/G)EFBEILELL ERIBET 500 hPa (IHSENE K. SELERE 10 gpm, FBEEHE
RBE T 90%HIEERIE. )

AT I B ] 74 BEL i %o R ARSI R AN TR 1, — FRORe 130 BEL i R S8 T T i A, 58 P8 v e T R 2 5 3500
Ui R AFAE I, 20 N R A i IV 7= 22 4 7= FERROK IR B[4 1] o i AA ST A BHL re e 82 6F () £ P86 % BHL
AT TR T . 42 6 45 T 5 Ll BH R AN [F 4R B2 T B 30°N L 60°N b & I H shR g i /o A
FREHR, M E AR T 4 R INE 7 REF, 30°N 1 9% 3 PRI AN 45%, 108%. {2
A2 2 PARIEEE 11 gpm 4i/NE 6 gpm. 60°N & JEIRIEE I KT 30°N _Fi, H 4BH @ RFmf e m = 7
R, 3 ARG ASFIFLEE IS0, 2 BARIEREINE 2%, 29 gpm ¥ 2] 83 gpm I HACH 3 MR
MR AFRZENTRSHE —EMER, LFMERAESRBEARME. E42, 259 100H SR
WHEA 4 REF, 30°N L1 dRIERK, 2. 3 WMHZEARL . YL mE RS RN E 7 R 30°N b 1 R
MEEIN T 19%, 3 WARMEFDN T 13%.
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