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Note on the Complex Empirical Orthonormal Function Analysis
— Analysis for the atmospheric pressure fluctuation related to
the Abiki (large secondary bay oscillation ) occurred in
the west coast of Kyusyu Feb./2009.—
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Ocean Climatology Laboratory,
Geo-system Science, Environmental Science and Technology,
Graduate School of Bioresouces, Mie University, Tsu, Mie 514-8507, Japan

Abstract

Empirical Orthonormal Function analysis, frequently used in Meteorology and Oceanography study,
can be applied well for the no time lag phenomena such as standing oscillation, but not for the time lag
phenomena like a progressive wave. Complex EOF analysis might be applied well for such progressive
phenomena, so we re-examined its concept and process, and tried to apply to the atmospheric pressure
disturbance related the Abiki , large secondary oscillation, occurred in the ports of west and south coast of
Kyusyu 24 th-26 th February 2009. In results, CEOF analysis has successfully shown the spatial

distribution of the principal components of the disturbance with time lags, and their fluctuation.
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Fig.1 Location of Tidal observation in the west coast

of Kyusyu, Japan.
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Fig. 1 Weather Maps from 24th to 26 th Feb. 2009 by JMA Website. Arrows indicating Low
Pressure developing and Atmospheric trough were added by author.

A RS [EEELZ D b DIZ O TIE,  Table 1 Epoch and Maximum wave height of the Abiki.
FREILSbhoTORNEITH S, HIZE, R1 TEFORNIEAARE (EEOF D)
1979 4D T EF I, M ERQRBESPTH -7 e s [ R
PIEXL, 2009 FRSULAHE L THORE  poym 9999up 0944 5 10120 56.4cm
HSBRRTE > 720 35, RBBRERERS gy 21:45up 23:20 F 23:35F% 168.9cm
RoNTH5T, TUHMLCHRMBELD g 21:4b6up 23:35 H 23:30 & 113.0cm
PRESNTS (R34 2011), £27T, BV 22:10up  22:30 57 2240 [ 42.8cm
AN, i LRET ORI OB T =5 &
b iz, TEFORROWEEND H 5 QLB
Xt LT CEOF f##1C & et 217 - 72,

22:40up 01:45 % 01:55fF 61.3cm
Par#% 22:18up 00:33 57 01:34 % 84.6cm
hZE 21:52up 0814 - 08:34 & 133.5cm
48 22:31dn 03:17 % 03:25 F  80.1cm

3. CEOF EBR0D:&EH

3-1 ERAF—%

HA#ET — 4% £~ % — JODC ® NEAR-GOOS 7 — ¥ X — Z TAE SN T 3 i FAREL B i
D30 MHET — 7 GHfLESHE) ThH B, 30 MR TIEH 555, 1 hPa BALOASKZDTAT v 7 I
DTIT7ERSTRSSWY, 11 (#54) OBEFE%Z 3T THELLTrS 145 T&0D
fli& L7, CEOF OFtHEIZY - Tid, I SICKFMZILZ LT 5 7D REf 24> (dP/dt=P(t+1)-P
) ZxtgE L (K2,

3-2 CEOF EFDEZA
3-2-1 BRFRINET—U THH
AT ] TR A T EORERS u, (0 28I L, JMZBRHZHT S5 EICT 5 &,

(D u; (=2 {A;(w)cos(wt— g ;(w))}
=Y {a;(w)cos(wt)+b;(w)sin(wt)}
(a;j(w)=A(w)cosk;(w), bi(w)=A(w)sink;(w))

EELIENTEE, I TwldMHEE, A(w), (0 BREEEM, a;(w),b;(w) & cos s &
sin WP TERLAESDTH B, SRR L L, MRWHOBMT -5 27—V TFBITE L2 O T,



104 UNEES F

SEwIZO20WTO 7 =) THREHMER LTS,
CITHEERBAZEZ S EITLT,

(2) U(t)=2{C(w)}exp(—iwt)
{Ci(w)=a;(w)+ib;(w)}
=¥ {a;(w) tibj(w)}exp(—iwt)
=X {(;(w)+ib;(w)) (cos(wt) —isin(wt))}
=3 {{a;(w)cos(wt) +b;(w)sin(wt)} +i{Z {b;(w)cos(wt) —a;(w)sin(wt)}}
= (u;(O) +iv; ()
vii)=2 {b;(w)cos(wt) —a;(w)sin(wt)}
=Y {a;,(w)cos(wt+ 7/2) +b;,(w)sin(wt+ 7/2)}]

EHERLZENTX S, T2TLERERHM, vi(0)1F, bEOET u,(t) OKFERES OMNIEE /2

RIESEIEDTH B,
BREFRI U (0 OIBAMRIRI U (D 25X 5 &

) U*(0) =u;(0) =i v;(0)

EETFBE, WE UM %, jOIEICHIZIENTHIXRZ b &L, U* () & U() 055384751 (CV,)
EEZDBE,

4) (CV;) = <U*;(t) U (0) >

22T, O iEEgETsERL, U@ iF, Ut OFF2INCENEZIHNRT ML Th B, <>,
K R"d, Us() & UL (D B, 2RI OT, BEREBHI SO TFEEZEL T
5, bbb, (2) 3) OMFEEMFS &

(5) <U* (O U (1) > = < (u;(0) =1 v;(0) * (u(©) +i vi(0) >
= <uju,tvivetiluyvi—vu) >

- <ujuk> + <Vij> +i(<ujvk> - <Vjuk>)

L1550, (2) ORFEERMS &,

<uu,>=<I{a;(w)cos(wt) +b;(w)sin(wt)} X’ {a.(w)cos(w’t) +b (w)sin(w’t)} >
=YY { a;(w)a(w’)<cos(wt)cos(w’t) >
+b;(w)b.(w’) <sin(wt)sin(w’t) >
+a;(w)b () <cos(wt)sin(w’t) >
+b;(w)a (w’) <sin(wt)cos(w’t) >}
LB, 2ITY i, 020 TORAERLTO S,
AL O E T,

<cos(wt)cos(w’t) >=1/N* Y t{cos(wt)cos(w’t)}
=1/N+ Xt 1/2 +{cos(w —w )t+cos(w+ w’ )t}
={=12(w=w"), =0(w # w")}



CEOF (B FHRBRMIE A BARUED) WTIcBs 2/ — b —7 EF (EREHRE) cBdd 2 JEABOMi— 105

ZIT, NETF—7¥, 2t 3FHEROEFERL, 0, oW 7—) THBOAHEELDT, w-
W DHEIN, w#w OFHZIZ0 &5, LIFFERRIC,

<sin(wt)sin(w’t) >=1/N+* Xt 1/2 *{cos(w — w’)t—cos(w + w )t}
={=12(w=w"), =0(w # w")}
<cos(wt)sin(w’t) >=1/N-+ Xt 1/2 «{sin(w — w’)t—sin(w + w’)t}
=0
<sin(wt)cos(w’t) >=1/N-+ Xt 1/2 +{sin(w — w’)t+sin(w + w’)t}
=0
L1 BDT, KR
6) <uu.>=1/2 +Y{a;(w)a(w)+b;(w)b.(w)}
<vivi>=1/2 « X {b;(w)bi(w) ta;(w)a.(w)}=<uju.,>
<u»in>:1/2 ‘2{a]((,())bk<(,0)*bj((,())ak((1))}
<vu,>=1/2 X {—a;(w)b(w)+b;(w)a(w)}=—<uwv.>
L3, #ER,
(7 (CV,) =<U*,(0)U (1) >=2<uu, >+ i@2<ujv.>)
E B,
3-2-2 HEZERFAFTI
FERIZAL T 2 HAHELRDOHIR T MV (U;(0)) W, EERBELEDO K174 factor loading matrix
(By) EMEHB DK T-FEMS factor score RERFIDFINR T b (A(t)) T, RO LHILEEINBET 5,
€) (U;) = (1), U,1®),,, U.(0))" =(B*)A (1), A(D),,, A.())D
ZIT, nZBMNSO, m ZRTOH, LRERRT ML (U* (1)) &,

@ W) =WU* (0, U*(),,, U L)'= (ByA* (1), A*1),,, A*.())°)

EFEFT, HERTAMTI By OKIINT RV (B, Buy,,, By EZNZ ML 2 HALE
SEROIEBIEANRY MV (FE) EL T3,

(10) B*, B, +B*;By + ¢+ « ¢« +B*,B. ( =1(G=k), =0(G#k))
ST, 8), (9 Ans U*(o) & Unly O3 BATHIEIES &, MNBEOOT, LUMRT G
A

(11) <U* U >=<BA*+ AB*' >=B<A*A>B*'

= B<(A¥A)> B*'= B(<A* A,>) B*!



106 UNEES F

L Bh, <AYOA(D>IF, bEbE (8, (9) RTHA U THMENT ZHELEKERS FILD
EFABMRE ES > T EDT, ERREIOMEEZIRNIE, 58 j=k N30 EL239TTH5,
PE-T, XA 2 13 A ) OEBEHERM AW EOBBOTIEDOELA,;>0&E710, 2hlHo
5> j#k 120 785,

COfHE (L) =(<AYA>) EBL &, #im (D R, @ LEEHbET

(12) (CV)=<U*U"'>=B(1;)B*!

£33, (12) XKoWAL Ss B E2#IT 2 &, BB X, (10) X oxfMEFHEIT 1 il A 72 AT
FIE I 5DT,

(13) (CV}B:B(/H’) B*tB:B(/l.ﬁ)E
=B(1;)=(21;)B

E B, MADITHDZFNINT MV b; #lO KL TAHSB &,
(14) (CV)b; = 2;b;

LR -oTB I o, aHETH (CV) DOREFE « BANRT MVEE LI > THBE I EMRbh b,
g7, BUNZE SO HUTH (CV) Do, ZRF/NY — v 2K T IEBIEAREIEN 7 bV b; HEHAE
ENBTENS, [AR¥EHwEEYTE (13), (14) KO XHITEHT 5 I & 2 510 E s B
Empirical Orthonormal Function JEF EMEFATE D, X512 (1) () Ko X5 IR ThEBE
LT, EEMNEEBOIGHATH, HEEAR7 NIVEEZ D & S EERBRIIEA M Complex
EOF JEBH LI T 5, M O EOF BT, FEMNEZILVAZBEINIZ DT (CV) BFEHD
Io&ish, W8y — v FEHOBHNT MLEE 5,

TEFERITRAEELNLR, mrSHITEL, STl I hcQELLRET NS 5 (K
2) Z&mS, All, 20O CEOF EROEH 2 A7IRETH 5,

3-3-3 CEOF EBODEAE
(14) KoOBEMEMEEFEITM72, HEAFOF F TR HWHIZL WD T,

(15) CV)=A)+iB),b=u+iv

EB<o 22T, BB, (A, B) BEBOITH, w0 BEHOXT b, Ihz (14) K
AT 5 &,

((A)+1B) (w+iv) = ((Au — (Bo) + i ((A)o +(B)u)
(DNu—Blo= 1" u
(Ao +Bu= 1"0

[A, —B] [u] o [u] Cer iy

(16) B, A

L8 - TREATH ¢ O EREICE 5, (€, 01, ZEMOXDITHIENT hb)



CEOF (B FHRBRMIE A BARUED) WTIcBs 2/ — b —7 EF (EREHRE) cBdd 2 JELBOfMi— 107

LI AM, HATH (CV) 12iZ, (5) (6) KOBRMSH 5D T,
Ay =<uju> +<vjvi> = Ay
By =<u;vi>—<vju,>

=— (<u,v;>—<v,u;>)= — By
LB EMS, CEBIBWMTINENL B,
C OFEXBATHI O E A ERE O I >0 T, Appendix [SEUMTAIEIAHEEEO ML @ Y2 E

Jacobi #£] 1239,

4. FIRERLMER

HEITY 7 > TiE, ¥V 3 2 D Micro-Soft Excel R L, #%75 & A1 VBA (Visual Basic
Application) TIEK U7z, MR « V2R (TR «h2E - Al (BEKRE) B#io 2 H24 H
03:00 7 5 2 H 26 H 23:15 £ TOD 1 43Rk 4096 & — 7 26812, FFT (7 —) &) T7—
IARED sin, cos 5% 1024 IH (4 43 £ <THEH, G 6) (7)) ITH > THERIL G EATHI %25
B, (15) (16) R TIHFMIINCER, IS Y I EETHEHEM « FEX7 MLERD I,

TR ELDIZ 4 DOBIHIELSDOT, 4HOBEBEHEEBBENRT7 MIVDEEEINSE, ZORRENE
2TH B, H1ERSD P, ZOLEHKIS OIS EITH YT 5 EAMHA 437.1x 107° T, 2o
70.4% % 5D 5, 2 k> P, 8 14.4%, 55 3 ST Ps 43 10.0%, 4 EK P i3 5.2% &7 - T
5o HEEXNT MVICEBFEAENTT, TOREIEZHIR LD 4 1T, P, MDD
aEEDBEEDD, FRODP, P b0 TWWELITHS, M4 Fig, BEAEXNT LD SO AAH
Z (BENEBORB L) 2R/ 0LTED, P, TRIZEAEMMENE L, £HIZXL, P, TR, F
ZEPEMRE XD b 124 8, PEZE - BME D b 270 ERIF LTS, P, TH, MZEBEAMEID b
136 [, Wa.2%& - EHIRE D b 280 BT LT 5,

¥ 72, WTaMTY By MNEHENIZOT, B8) (9 RE[F->TRESD a7 (FEL) MElE
T& 5, 1c/2U, R LI, HEET7—) BB TEL T 2D THEMT 2 LE N H D, AXRT |k

WaRlc & T ATRIEFRIBICKE BRSO NEET > THEOTI28TH 3240 FTE Lk, KK
DR AT OREFEALNK S TH B, b T 5 dITME L ERS L TRIEED S5 T &
U, Xlozcoicd LoBiilfis & bRl T
5, PREOEMADOKEVDRP ST, TD3
HEo, FTRLTEATZ2W-L D LAE(D L

Table 2 Eigen values and vectors

% 2 CEOF JEOEEMHEFEA N7 v

I 10-12 BRI MO 2L 0 > TH D, AHeire P, P, P, P,

WO RBR D LA 2R 2 SITHE LT Eigen Value | 4371 895 619 320 |x107°

Wb, —J, TR 3L LN A RY, Amplitude |P,a P,a P,a P,

AITT EFSET S 24 H 21:30 B, P, P, Sasebo 2287 703 85 9.6

P, 5 b HER L T %, NishinoO  |227.1 307 289  20.1 |x107°
X512, ZOWTAMITIEMRE > T, &K% NakanoS 2028 383 196 22.6

NZTNOKEMORFHZAEFHET 5 EMNTES Naze 2146 258 504 3.7

(K6)s P ksrTIE, EHNZ MUITHIELT, Phase Lag |Pk Pk Pk Pk

AT & S RFHEN D < W UE L 2R LT Sasebo 1 -1 138 -85

B, Tbb, FHIED LS ITHODIE « 54T NishinoO 0 150 171 156 | degree

EHIR A ZRIEE Lo TITIn L, mdkic NakanoS 7 -125 -130 19

FEF TV REDR DG & HADBEIT LG L Naze 8 144 6 -1

TWaDEBbns, P, ks, HTZENE b /04 144 100 52 100




108 JNE & 5z
0.00025 il
& . AJn tud - Sasebo
igen|Vector plitude
0.0002 w15 Naze
Nakanoshima
0.00015 - . .
S i Nishi-no-omote
= NishinoQ ek
0.0001 1 m NakanoS
B Naze
0.00005 - I
437.1 895 619 320
200 —p1
P1 Pa D)
150 —p2
—D4
100
= W Sasebo
o - B NishinoO .
Pik W NakanoS
50 WHaze Score time variable of Principal components
-100 ~ ., =
5 HTWSGOFE (Ra7) ORHMZAL
=130 . Fig. 5 Time variation of the principal compo-
Eigen Vlector Phgse Lag g i p p p
-200 nents scores.

B4 HEESOEARY ML (K& S LT
Fig. 4 Amplitudes and phase lags of Eigen

vectors

P1: 704
Synoptic Movement
(Atmospheric Trough
West to East)

== MNakanoShima

= Naze

== NishinoOmote
- Sasebo

== NakanoShima
“ Naze
=== NishinoOmote

=== Sasebo

P2: 14.4
North-South *
Difference (Low 1
Pressure is developingo
and moving) 1
-2
-3
P3: 10.0 3

Southern High

NakanoShima

Pressure extended
{Naze P going up)

Naze
NishinoOmote
Sasebo

P4: 5.2

NakanoShima

Local pressure
disturbance

(Nakanoshima Up—

Naze
NishinoOmote
Sasebo

NishinoOmote Down

6 FITKsr DU D & DIFIIZAL

Fig. 6 Time variations of contribution of each stations to the principal components.

Each eigen value and the interpretation of principal components are shown in the left.
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Appendix :

[FEXRIBRAT A AR E O ik © ¥ 3 & Jacobi 7]

FEHFRTHI C OREAE A2 13, BERFTH P (P P=E) %2ffi->T, P'CP & AMHPUEHRETT->TH
Ebbiil, $bL P'CPOMEFAMA FANT by 252 T

(A1) P'CPb” = 1’0"

DM S P ZH#T 5 &,

PP 'CPb”=CPbs” = C (Pb”)
PLb”= 21" (Pb”)

(A2) Cc (Pb»”) =21 (Pb)

L 5T, PO COBEERY ML, 2 NEAFEMHER > T 5,
Z T, COIEGMKTD D BHHHERARD LD a  IHEH LT

‘:ﬁ‘bf, %@ﬁ?ﬁ”fapp, QA pgy A Agp b)uTQ;éa:fJOTL\élﬁiﬁ?ﬁuP

(A3) P

ccos@ e+ ¢ esinf

e —sinf@ ¢ ¢ *cosf .

- THIUZIRS 5 &, pq BOMZBIRS 5 1ot i3,
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p q
L] L]
L] a’ L] L] L] a’ L] p
PP P
P 1 CP — . .
L] a,qp L] L] L] a,qq L] q
L] L]
A4 () =p,q)
J— 2 <2 :
a’, = cos’Oa, + sinfa, — 2a,sin@cosl
2 = sinfOcosO (a, —aq ) Ta, (cos’d — sin"0)
9 J— 9
dagp T g
a’q = sinfa, + cos’Ba, + 2a,sinfcosba,

(A5) Cj #pq )

a’y = ajcos — agsinf

a’y = aysin@ + agcosd

a’, = apcosf — a,sind

a’y, = ajpsing + ajcosf
L85, £IT,
(A6) a,, = sin20 (a, —a., ) /2 +ta,cos26 =0
(A 7) 20 = tan ' (_apq’ (app _aqq) / 2)

ELToNE, HHERRKOIEGARSG a,qE, ZOHMPEHRIZE-TO0ER S, O, Z0D1Fh
OIS &, (A5) DX ITMEMZEALT 553, sin0, cosO THROMMIEET 3721378 DT, RO
MXHEABZ 52 3N, £ZTP, Py, Py, o o o« EHDELTOIFIE,

(A 8) oo «P,'P,'P,'CP PPy o = ()

Thbb, (Ad) OHUEHRABROET I EICXD, TXTOIFENARSE Lo IUEEETYL
ZEMTED, (A &, ARSI FITEAEIE - 72601752 /R LT 5,
é%b:, (AS) @ﬁ@ﬂlKZEﬁ'Jﬁ)% (Pl PzPa') %%I‘U’Z)é:,

(P, (P, (P, (¢) Py) P,) P,')) CP,P,Pye
= (((E)) CP/P,P; =+
= C (P,P,Ps+)

(PlP'zPs') (}ljj) = (}lu) (PlP'zPs')

C (P1P2P3') = ().JJ> (P1P2P3')
E1 5T, (PP,Pye) DHINT MV A ITHIET AEENT MIVIZIE > THWB I EDBDbh 5,

P Lo# 0B UHCREHRIZ & b, SOPTHIOEATE « A7 MV ERHRS 22 ENTES, Z0q
R Y 3 E Jacobi IEEMFRENTE Y, PAGHROEELZENSDDEFITEHHETE B END 5,



