A HUIT G 222 4 (A SR B4 ) 2021-06
314 Journal of Beijing Normal University (Natural Science) 57(3)

EIMRIBEAREHERKREMR

A L ST T RS
C 1) Hp [ PR RL 22 0 7T e KRB FT T, 100012, db5T;  2) LU TE K22 R Gkl 2224 B, 100875, JLET;
3) J6 T 2 o PR R 2 243, 100875, Jb )

TE ST E AT, S HT A ) DX S 3 T B =2 (A1 AE 7 (R GO 3R B Loy, N7 1 AR B R A A DG 1) 4 Bk
FEIRLE P45, R 24 H M F T 45 AH DG R AR . FFT 3R . S B0 25 A1 FE B A 3 500 A1 7 000 km &b 1 MIEAH, X
5K Rossby U1 1/2 F1 1 AHE K —F. #hFEER L, s2mEE N £ 27 S EACEER A 7E AR L m PGB Ay ALK
TEE L A R AR IR A K U B X ZERE A BR A TE 50° S S . AR SCHI R ERT L ER LA ko i 2, JAiE
FHOCER AR 5N R SR E FIAE BB R 1) AT v 21 88 P B 09 7% e B e 7 v XUy IO VE L 2) JE R P PR AR 4% 23R I
JUER . 4B 22 5 B BLV A 42, 398 3% Bt VG ¥ 3 BRI Rt 19 25 B 38 371 1) — 58 5 3) A0 S0 g 3 J LR e 1Y)
HR SRV (NAO) B VI DCHK; 4) B P ERIY I HE R L T KA 0G R Tl Rossby PRS2 IA. RAREM AR T A

M TTRAAS # FR AR, D85 v e Bk AE L FR L B S A,
KRR AURAAL; MR s R B W45 I NASH s A OGRS

TEZES Pdo

0 5|5

SRR AR E AR R R 3 A 0
P et £ 100 a A ETFT 0.74 °C, R ESMRHKE
JeH R KRR CO, MR BE b T J2 et B AR Wz Ay = 22 i R,
PR T AR KR, 2BkRE AR
(R4 R R0 AR AR PR AR 2R L A BRI E T R B 7 R [
X AR B I 3 28 (A 22 2,

T8 A S AR R BRI 0 e AL B S sh
2, — HR SR E R AL A IR, 22 2 5] P 4h g
B, R AR AL R P AR L
BT T KA NG PR R Y ARk, JE B KRR
Hh ) R G R I AR A SRR, TR SR — A b ) R AR b
55 55— I 1l S R AR A 2 R T BE AR AR R 1O
W F IR A N R G EAE AR EE N R, HAR b
I AR OC 2 UIAR G

25 1F 32 B 540 i (BOF) J2& S 5 v ke 90 28
[T AR [T = W 7R = W S R P o e e = o et L1
AT BT BRE T A v] AR PERC AR (EOFs) , A
12X RE 8 i B U h O R B 1)y 25, B — a2 I &k
PE.ER B T M4, A8 R R rh & ek 2 sl i
e KB f BB, [N, EOF J7 i J0 ¥k A 8o M S M &

* T S 2 1R B B3 H (2016YFA0602503 )

DOI: 10.12202/j.0476-0301.2021024

Sr AR L PEARHS, 0Tk ELEE A H B A D IR AR

I 20 a K, 2 4% R 5o Bl 2F BIF 57 40 Sk a5 T B &
B, SRR BCA S SR F a5 TR 2 M4
SERUR Ty . 2 2% ) 4% BB AE SRR 2 rh A5 21 hi A
T T S0 P 245 0710, S 1Y) 2% 2 A M Bk S [ 34
7 B A 5 18] 91 1 AT G0 1 O 186 T 8 ST 1) I 4%
W 2 45 452 s ) e — 7 B AR B [R) PP ), 2 2 Ao
()43 - B[R] 50 B e T DG BR, 10 A B F T A ()
AH GV B o B R AR M I 2% T R B Ak )Tz N
TR A AH R BF 58 o, JF B T BAF I AROR
Tsonis 55" 3 12 & 2% P 46 J5 VA | N7 1 AR QIR W 4%,
43 BT 38 FH G I A% R R B2 5 Gong A5 15 AR A £
o A AR 35 4 22 ol IRUE 1) L 8 DB S B I 45, 48 7 S [ i
[ RUJE 1 L P ek B ) 4 AT AN T g 1 5 Ying A0
N F W 45 7 12 R 5% 4 Bk CO, Mk BE A 38 A 6 4%
fiF ; Boers S5 171 3 o 4 37 4 BR AR S B R S5 14 B 52 24 )
2%, 7 - T b X5 RO AL & IR A DL R R
BRI B BR AR

S5 W 2% J7 125 AT LAECE A R WE S0 AU AH B OE &R
23 ) A JRy 1 — kb 38 07325, B SR FH AR 2t A oLk I 2
22 JUERAE B2 TN AH AR 45 48 1 A A2 4, AT LAAR B
i WS R AR MEE YL REMFR R

TEGEES: B (1976—), B4, #iZ. B rm. B A G XY H. E-mail: ginghuachen@bnu. edu. cn

Wt H 1 2021-01-12



3 1

B 4 R M A LI A AR B R i

W1, NS 2 R 28 B SE T o, ANAURT LSS R 5E R4
B S EE AR S, TR A R AR 5 L S HAT (B,
ABIETEORG R I A I 28 B T ik, ¥ 7t 4 B s 32 1 2 1Y
2%, o3 b M 2R R I 2% Y 3 A OC A, PRI T E L
A 5 S B AR AL MR, T % ke i 3 3 S R A 1Y

I,
1 BRITE

1.1 fAREHE A HAEEE R 2003 421 H 10 H—
2016 4F 12 f 31 H & NCEP/NCAR H “F ¥4 B 73 #7 %%
BhOERHE LR A 144 D% 8L IR A 72 4% 8,
3t 10 368 % 8L, KV I3 HEAR S 2.59%2.5°. R T IR
UE K w5 35 5] Hb 7 55 4 Bk (190° S~90° N) , iX HE ¥E $%
726 > PUAK m L X LB AR AR 26 [n] B2 2k 7 ) BE 2 A
], A 830 km.

1.2 MRF*E

121 =FVAEa% T LRFEWHAL, W
ZZ24 B D5 BB IE B DA AR 22 5 FOR KBk
L EMAEBRAR AL, S T R DL, X R IR EAEH .
W b 2R B B 1R 50 0 A T, Heorbe i AR A
i=1,2,-,726; AR BEFA], 1=(1,2,---,14) x365.

122 FF P SR KB WAK LAEXTTY A R 22 ]
4 AH 56 1 3% 12 v] 38 3 A OC R X (o A5 2. 3
AN

(T(OT,(1=1)) =TT (I -71))

J@o—@any faa-o-aa-o)y)
1

Xi.j(_T) =

(T1= 0T ()~ (T =DNT D)
a0~ @a-op) Ja@o-Toy)
2)
A R LR d) ) 7= Tt Lo
T = 1, T T = 8003 9 T HE S YRR, I b 703
B I~ e 095 9O 7 1% X B P A D 41 60
I A 97 Bk T, A 3R X
. max(X;) —(X;,)
~ O-(Xi.j)

X /(T) =

(3

W- - min(X;;) —(X,)

y (X)) 4

A max(X;)). min(X; ). (X, Yo (X733 ZE 7R o L
AR DG R B B R L e/ O S 1 RER M 2% 5 43 B
(XY AD TR P T 22 B B ) e 5o R O T S0h AR

2200, € SCP; X (0 B KAA, BV P;, = max(X,); Py
h X (0 Se/NME, B P, = min(X,). BT f R H A
JINEL X (9 B 430 A o L T o 3 4 (67 ) %
) W7 1)l o Ml BAF 5ok e S T aX R T i, 3R
T —AIAURIAE 7 1) 9 42 BR M 3 IR W 4%, HLAEA
AR TR A

2 MERIRE PR RHE S A

21 MEMRSMH  E IR TIEEEAE . K
KA R EL . E W IR RS (D) I SE R AW Al
D, W5 R E T LU, A FE A (<2000 km) (1 3 21
B AR B ARSI IE A DG OC R, X2 i TAR I i =5
8] FAHOCH IR . HJ2, 7€ 7000 km 4b W) ££ 7 55 b —
AN, 3NV B KNG X6 32 Rossby 35 145 9 1 114 47 HL
B, PLAID, 13 AR B 7 T B D, A3 I Pz T Dk
DR R, AR BE B N, Py AT AR R W 2R ALY 4 3
RRE L AH 2 76 FEBS 7000 km &b I 9% A5 JR B ) RE 9
AL, MR 10000 km 7247, PrAT A KB B BT
JE PR B v ) A (1 3R s B AR 9 23 ) L AH G, K
B AR AR B ARG, Mo AW 22 TR i 56 & AT
R, e AR K 22 # A AT A B £ 7 I TR), — BT
S5ANA 1R, RFEES (<2000 km) N % H2 AL H &
(I G RIS R AS B 3 d. AR Py S 0 O & R g
AN, B 1A AR, T At S ] 1
A O R B 22 0 A KL E— 28 43 B W P R AL
KR _HBE VTR LW, >10LLE, W
PR IR e AR DG B, i AE WA /N (<5) I, Py AR
R, W LALAA B R KAE . X %6 B Hb 3% IR 8 9 B[R]
J¥ 51 0] e AL 15 0] I 22 SO 52 T 14 280 kA sl 3 AH
5K, PRI W B 3 A AR S 4 3 AN SR A FR
B2k 7w, PLSD, ZRIMXER. REW M
SR < Wy, (HE RO B, W5 D, A A SR LT
W5 D, 153 A 0. &I RON AE B ) 3% 2 AT LR
B &, 76 I BS 3500 A1 7000 km 443 54 2 S IEME. i
/NG BB R ZBUE 534 4 [0, 0.3], I HL I 25 1
S AL A BURR, 3X 3R W] P AN G A SRy A e I SR R Y
2. RS, W57 1 5 2 181 e & LA A I i) (R
2305 d)NA 1ARIE, BAEM/N, B . P
T 19 O ZR EURNIE 1) 7 34 DL 2R L. i — 26 3 At W Al
PG R A, AT LLR BUAE W, <-5 BF, — 3% R &M
X, MAEW K (>-5)0F, Z“HXRBEANM. U
S N s AR (BB i A S DAER (W
22 EEMEESW MR E MK DGO



316 bR IR R 2E 2 4 (A SR BR 2 R 957 4
25} 2 10rb
20+ 0.8+
=151 06
= &=
101 04F
5r 02k
0 05 1.0 15 2.0 25 ; ; ; ! !
0 05 1.0 1.5 2.0 2.5
Di‘j /10*km Du,] /10km
30rc
d
25l 1.0
20 L 0.8
sTqe | 0.6
£ L=
o
10 04t
5k 0.2
0 1 1 1 1 1 O 1 1 1 1 1
=100 -50 0 50 100 150 =100 -50 0 50 100 150
77, /10 77 /10*
10 ¢
0.8}
06
2
0.4+
0.2+
0 5 10 15 20 25 30
Wi, /10°

1 EEEZENE (W) M=EESR (p) (a) « RAEXRH (p7) Fp,; (b) |
wr M Ce) v Pz (d) \ PEARWS, Ce) PR EES

B, W U E G B, ST REH I R MR i XIE <5, BRI, R 3 PRy B R (R 5 AL AE AR, 4R

T B E A 2 2R 0 B 4% A R B (E 3 B AR R OK, B g
FRAR 22 B SO i 425 2R A R /N, W 2% rh 2340 %
WEZITURAG R, 4 F — 250 ok WA, A58 i
Bt #1147 15 HE (shuffling) B9 7 s, 8 Az B Bl HL R 4%,
Wi A1 MBI, B, X F BT, BAERYiE 5%
BEBLHE S , B4 4F P I RE PR AR A, 7 AR A (] H< BE
A BERLIT 51 . XE TR 57 S X A 42, FEALIE B 2
R LA EEATITRECE AR, 5 LN RFEA S, RS
TR ZF WA OC R AR, JF B0 e A . X FE,
P T — A 3 T 4T HEECHE 1 A o 2%

B3 53R T TR 4R 7 0 AT BCE HERS O T, 1E /4 m)
A 2 AR B R BOC R T LLE T, E AL
AR FT O HE R 2% v g 3 N T R LR B B, HANRE
T 8 PR A i 2 e AR A 99 % B B ol B A A A

SCBIF 5 190 26 OB AR 5. 11 TF W T T W R B
AN B, I FLIE T 6 0 i 2 S0, JE B4 5 B
) 4 2 L A B DR T 4 A
W 0 0 1 0 15 50 £ .
23 FBEHAAR T EICEA T A Al
B R R S B , 7 S4B T 9T 44 i 19 245 1) 1 A
HUE . VR HE i Eh 3 £ 75 1] 534

800 DI RCEE 5 ] 43 A R T, T L 03 A
i 1) 6 HC A5 A 1 32 WL KB40 280, E B 430
JEOFBR AR T 160 76 4 i AL APV, 35 AR
A5 AL P 3 2 A BB R BR, B A 4
L 50° S Sk P 25 BE A, B2 6 H R LI, )
e A #0500 R T 160 R 2 R AT P R A X

2 ) At 2 BR Y R BECR T R BR 5 30 B8 AN A R A



%3 0 TR 4Bk 4 TR SR 6 B AR 5 319

0r a
-5t
éz “10}
—15+
=20 - - - 1 | -20 L L L L '
0.5 10 15 2.0 2.5 0 0.5 1.0 15 2.0 2.5
D;; /10°km D, /10°km
= 10t
“15}
-20 ' s ' s | ~0.6 s s ' ' '
=100 =50 0 50 100 150 2100 =50 0 50 100 150
Tij Tij
r e
ol
—02}
‘0:-:»‘
~0.4
~0.6 s s s s |
220 15 -10 -5 0 5
Wi
2 REERRE (v) b, () « RAMEERK (7)) FD, (b) |
wo Rl (o) o PRI ()« P FIw (o) WIEREBIXAR
5rb
30ra
ot
il [
ol e e i
+ = éj
=z 15t ~10}+
10}
“15 )
5t SR URERE
FRZLSNpIe
0 05 10 15 20 25 205 05 10 15 20 25
D, ,/10*km D, ,/10*km
B3 EMEEENRE (KFLERS) (a) ROABEBNE KELER-S5 (b)) WEE
5 kA AAGE 14 A R IEAH L. AP FE 1) AR 28 R T R A s A O, R XTI

BB IALEE h, Je R (e o0 EETTEE I B R TR, 1 5 U R S KR I R S Y 3
0 118 88, 330 Y e R A T oo 0 L i AR A S P ER BN AL



318

SISV RN = = QSRS R3]

557 %

24 EREXBESHT EHETS DD,=5000 km,
2) W =518 3-a EZLFT/R )« 3) & BE B > 20°HY X 4t
ST BOTE L, 3 b S B A O AR AR A O I

172, A6 ERR B 4 4% ﬁﬂf&E’JLi‘Hﬂé%&-
1) AU A3 v 30 3% 1 3 B8 P B, X AR AR S T

PO R 1 H

2) ALK PO AL #E B AR PN AT i & 42, T8 T 3
A6V 3 2 BRI A il 7 3265 IR 95 371 7 — 508 45

3) AR B 22 I 3 BV 1 i 422 B T 4 L RV T
BN BRI K il 4 125 WO 38 51— 38 455

4) % % 1 1 s ar i 3 b KV 1Y iE 42, & NAO
T B K il 352 5 1) — 5 45

R ERA 3 25 BT (1% 38 AH OC B A%

1) 13 i 40 R 52 U PR AL 3R, X AR kAR
VU XU 1t B2 T 30 3 R  FH 1%) 45 2R 5

2) o] 5 25 U R K VY I T S Y O A
B 22 BRK Rossby i 52 1 (1) 45

3)1ﬁa§ﬁfﬂl)€'ﬁﬁjﬁ{ﬁjiﬂﬂﬁﬁ Fz, XAk
oS 7 >F- 2K Rossby U 5% i A 45 R .

3 GRSRE

F£ T NCEP P20 H1 0¢ RE G b 22 T 2 H A, 2 #r
b R B Y 255 N R ] SCHK By ) S5 R, A A b 2R T
JEE IR M 45 WF 5T 45 SR 3R I 1E 1] iE HEALFE 7F 7000 km
WA 1A WA ) % B2 AL #E 3500 A1 10000 km

b 2 AN {E, X 28 1% {5 K< Rossby U A 1., 1/2
32 fF U — B0 S BRIE R 4 P A B AR AR
A, WA BEML Y . B A E 0 BRI, TR &
Bk B AL 4 422, T 43T A GE 3T 0 G 2 B RRAE . A
R 2 A7 Y a5 TR AR L ) AR R R ) R AR A
ALE e 39 0 A E AL 2 BR Y AR 0 B i 3 A6 P
M X, 38 AR U A % A 1 A Ik K TG R i X S R o R
[ 35°~55° S & FE Ay, JU 2 M 6 U B X 4k . el
[ia] AR J2E ] (10 S 5 o 0 X 3. AR R R K R i i
T, A3 AT T — S0 LAY () 38 FH G % 4% DA b ST 3 v
T B R Y R A AR, 33X 2R AR 52 U KUY O R T 5 A%
B 2% I A0 LV I 3% AR M 0 g v AN L RO
R 3 5, 1 A 4 1 R T RO A Bt 9 9 A — 35 4 K
S T R R 9 U P b A 1 2, K T KA R AR
Ve 0 A RV FH A 45 5 5 i e A 552 2R 06 3 422 31 K 7
TEEE T . DA v VA ke i 2 3 R OR IE G R, G 2
% 5 K< Rossby I % VIAH .

4 SEIER

e, %, @

X A% AR S

BN

‘[%}

IR A e s BRAS A b D TR

[11CH-

(2]

[3]

[4]

(5]

(6] 7

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

7]

1 5 5 A E D).
24(1): 1

STOCKER T F, QIN D, PLATTNER G K, et al. IPCC,
2013: climate change 2013: the physical science basis.

i - BEIR S ER B 2014,

contribution of working group I to the fifth assessment report
of the intergovernmental panel on climate change[J].
Computational Geometry, 2013, 18(2): 95
BJERKNES J. A possible response of the atmospheric
Hadley circulation to equatorial anomalies of ocean
temperature[J]. Tellus, 1966, 18(4): 820
BJERKNES J. Atmospheric teleconnections from the
equatorial Pacific[J]. Monthly Weather Review, 1969, 97:
163
JRi I, AR, KR FXE R R AR s Y
WFFE[I]. HBERAMESY, 1999, 18(1): 31
PP, W ISR, BRI S304E A Z L R T sh e E S
P 7R R B 2 S AR B R AR 0], Al AR, 2005, 50014):
1512
GHIL M, ALLEN M R, DETTINGER M D, et al. Advanced
spectral methods for climatic time series[J]. Reviews of
geophysics, 2002, 40(1): 1
DOMMENGET D, LATIF M. A Cautionary note on the
interpretation of EOFs[J]. Journal of Climate, 2002, 15(2):
216
TSONIS A A, SWANSON K L, ROEBBER P J. What do
networks have to do with climate?[J]. Bulletin of the
American Meteorological Society, 2006, 87(5): 585
TSONIS A A, SWANSON K L, WANG G. On the role of
atmospheric teleconnections in climate[J].
Climate, 2008, 21(12): 2990
GUEZ O C, GOZOLCHIANI A, HAVLIN S. Influence of

autocorrelation on the topology of the climate network[J].

Journal of

Physical Review E-Statistical, Nonlinear and Soft Matter
Physics, 2014, 90(6): 29

TSONIS A A, SWANSON K, KRAVTSOV S. A new
mechanism for climate shifts[J].
Geophysical Research Letters, 2007, 34(13): 256

GONG Z Q, WANG X J, ZHI R, et al. Circulation system
complex networks and teleconnections[J]. Chinese Physics
B, 2011, 20(7): 495

RGO, SO, RN, F. BT 2 2R B AL AE BRI A O
ERPRECRFERTFE[T]. PIEEAHE, 2012, 61(2): 539
YING N, ZHOU D, HAN Z G, et al. Rossby waves
detection in the CO, and temperature multilayer climate
network[J]. Geophysical Research Letters, 2020, 47(2): 1
YING N, ZHOU D, CHEN Q, et al. Long-term link
detection in the CO, concentration climate network[J].
Journal of Cleaner Production, 2019, 208: 1403

BOERS [IN: 0 GOSWAMLI (B, RHEINWALTHA, net al.

dynamical major



# 3 U 4 R 7L I A B AR B 5 319

Complex networks reveal global pattern of extreme-rainfall analysis reveals strongly localized impacts of El Nino[J].

teleconnections[J]. Nature, 2019, 566(7744): 373 Proceedings of the National Academy of Sciences of the
[18] LI R, DONG L, ZHANG J, et al. Simple spatial scaling United States of America, 2017, 114(29): 7543

rules behind complex cities[J]. Nature Communications, [20] FOUNTALIS I, BRACCO A, DOVROLIS C. Spatio-

2017,8C1): 1841 temporal network analysis for studying climate patterns[J].
[19] FAN J, MENG J, ASHKENAZY Y, et al. Network Clim Dyn, 2014, 42: 879

Atmospheric teleconnections path of global surface temperature
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( 1)Institute of Atmospheric Environment, Chinese Research Academy of Environmental Sciences, 100012, Beijing, China;
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Abstract Analysis of surface air temperature (SAT) teleconnections is considered a key issue in climate change
research. In this paper, complex network approach was used to analyze correlation and time lags between different
regions of SAT, to establish a global SAT network reflecting atmospheric teleconnections to give their teleconnections
path. Enhanced distribution of large weights is observed at 3 500 km, 7 000 km , corresponding to 1/2, 1 wavelength
of Rossby wave. Dominant nodes in the SAT network are recognizable in East Asia and the westward-extending
North Pacific Ocean, the east coast of the United States, the adjacent North Atlantic region in-the Northern
Hemisphere. In southern hemisphere, the patterns of density nodes are found to lie on a band centered near 50° S in
the subtropical region. The wave structure is found more pronounced in the Southern Hemisphere. Typical tele-
connection paths are found to correspond to different circulation effects. The connection from central North Pacific to
Mexico reflects the action of the westerly wind belt. The connections from the North Atlantic propagation to northern
Africa, from Greenland to the Caspian Sea are part of the trans-Eurasian wave train connecting North Atlantic to
Eurasia. The Russian Kara Sea to North Pacific connection is closely related to North Atlantic Oscillation (NAO).
The Southern Hemisphere connection reflects influence of atmospheric westerly belt and Rossby wave. Analysis of
teleconnections is therefore useful to understand better surface temperature changes, providing some theoretical basis
in mitigating global changes.

Keywords climate change; surface air temperature; climate complex network; topological structure;

teleconnections
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