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Advanced singular value decomposition and its effect verification
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Abstract : The advanced singular value decomposition( ASVD) method is the singular value decomposi-
tion(SVD) method of homogeneity adjustment for the grid and station network data. Based on the rela-
tionship between SVD and EOF ( empirical orthogonal function) , it gives a homogeneity adjustment
method of the grid and station network data in SVD method,in such a way that the advanced singular
value decomposition( ASVD) method is achieved. Using the ASVD and SVD methods, this paper ana-
lyzes the correlation coefficient matrix C between temperature and precipitation of 160 stations over
China in winter during 1951—2010. Results show that both the squarefitting rate and the accumulated
squarefitting rate of the preceding four principal modes by ASVD method are obviously higher than
those by SVD method. Comparing with SVD method, the relationship between the high value area in C
squarefitting figure and the high absolute value area in the preceding two typical singular vector fields
by using the ASVD method is more reasonable. It is verified that the homogeneity adjustment is neces-
sary by using the SVD method, and there is more reasonable effect in practical analysis by using the
ASVD method.

Key words; homogeneity adjustment; advanced singular value decomposition method; effect verifica-
tion ; correlation between temperature and rainfall in winter
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TERA RN S R AT, & 58
/1 ( singular value decomposition, SVD) J5 ] {2
T A E RGP AN R LA K R R A 7387, Pro-
haska (1976) fic ‘o SVD Jiikiz T Bk H iy 53
B, I E bR 7524 ( Weare, 1977 ; Wallace and
Gutzler,1981 ; Roger, 1984 ; Palmer and Sun, 1985) .
] P E R (1989 ) d5c BB H T T VL T 3 b IXC
M FS R 3% 5 500 hPa V-3 155 13 375 1] 1Y AH 5643
Mo VFZWF5E (P IR 55 1991 5 X 21 i Fi 58 ¥%
1991 ; THEE AT L1, 1996 ) #H 44455 H H T 52 b )
AU 73 B, £ R AF (1997) 45t T W e K3 1
SVD J5 12, HR H ] 3l 1 SORH B A T IX 0 22 S
AT EL BT 5, 19 3] 7 AR R ORI OS — e X
(ENSO Jy &) | R P K- BN EEFE O ot X
(ENSO 5Z= JX) A R VU O 22 5T XY 73 B 46
R (Wang et al. ,2001)

P AT SRR 40 i 7 16 JE HE (M EE L 1982) , SVD
Dy bR A e E Ay S B TR 200 1TE AS PR AL
( empirical orthogonal function, EOF) 43 #7 ok
FHOEAE RFAE 1) 2 19 1 55 B AR 4l 170 02y et B — 3
178 EOF 4347 77 ¥ FH 1 R AR A = 4 20 b
e I XA il R I ) 2 [N S ) et A T 3 )4k
Qb3 ( Craddock and Flood, 1969 ; Kutzbach, 1970)
S2PR EOF Z3#fr e SR I 2 Pk e 4% | il 15 ( Craddock
and Flood, 1969 ; Kutzbach , 1970 ; F 5% 5 F1 5 [ fi:,
1996 ; /02 45,2009 ) F15 | AT FRIT 1E 22 %5 (Jones
et al. ,1982, 1986 ; b=/ # Al T-#UEK, 1990 L& X,
1992 T # & FI YT & 21, 1995 ; Chung and Nigam,
1999) Wi % H., Chung and Nigam (1999 ) % #44]
FEIE A s R OREZS A TT IE A E 82445 (2011) X
vl I GERLZE R TT IE B AR A, A G R 1T
IERCRYIE

RIS T ASVD (advanced singular value de-
composition) 77 %, b%%lf\lrﬁl—lﬁﬂi’]’jﬂﬁﬂﬂi
(B/INHIAE 2011 5 B4, 2011) I 19 25 5 (5 53
Tk BR Ry ok ik ) A S (B0 % D7 %, TTIC O ASVD
Tk o NSNS PR 7 TS A MK UE ASVD
TEIRBCRIE T SVD Jiik

1 ASVD Fix/EiE
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F .G (1)
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Bt B 8K s bR AR X s A7 4TI i (s B R P
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(1) PRI Z L

Crsny = FruaGrpno (2)
G fi bk T %:/%E[@%ﬁﬁ%‘o C J2& 7 A6 577
(SVD) B X4, He s, 17 s, FIOGHE

. =(F, G)_ZFG

&5, MF 'ﬁ s, .G E’J*ﬁ?@%i‘&
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C,=0,X,Y, & C [N h NIEAE M &,

SVD Jy ik g it ] R Ak ds
0, =X'F.,R, =Y'G,h =1,h, (4)

IS n didTmE, W LGER A R 9 Q,(R,)
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' #hy M h 8 Q, R, WHRET 45, A

(Qh’Rh) =00
SVD [)— > @ﬁ(*ﬂl@ﬁ% 1982) J&, 75 %
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(5)
FOREAEAE A, 5 C I S o, WIAFAE R A, =
o AR AR [ R X, Y, H1(3) 2y SVD foA
R St
B, 75 SVD J7i e h ARSIy 22 50k p,
R b A I BRETLA % P,

-olf Xolp = Xpe (6)
1.2 HHMEFREDE(ASVD)
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C(sy,8,) = fof(slat)g(S29t>dt’sl e D,s, €D,

(7)

P, 7 B BT B TP T IT As, L As, FTE (][] B
At RN B m, omy on JRAEKR) , H As, (As, Ar 3
A1,00(3) Xl SVD iR H € & R1E o,
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ORI A 160 w3 SR REKBORE, BATTHE I
L AYEEAC RIS, A S B WERR 5] — Se
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Nigam,1999) $5 i}, B 4% HI'E ' 11E EOF 4347, 45
VIR KRB, T SVD 5 EOF 20 #r i IN7EHX £
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BT ICSE d, = cose, ; K s 4% S AR E AT

AR d, =24 A)sin %cosgps(a FHERAE 0, N

s MUTHELRRE) i d, AR SEBRITAR, T2 1E [T oT
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X,.V, /& ASVD Jrik A SEAZE A A 1)
WS 3)RXPW o, X, Y, MF;C, =
0,X, Y} & C W5 h A IS
ASVD [ [H] R ECN
0, =XF R, =16,
HAEFRS4)Xhe 9, R, HF,
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p, FHT h DMESR BB BIA R P, K
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. 2 2 A .

P ZGh/ZO.hyph = th'o
h=1 n=1

2 ASVD FiERWIEFFR

EHS [ ASVD ik AL T SVD ik, [
AID S ot T T AP o X T S L 1y & S o L
th ASVD Jy ik By 5L 7 U5 38 s SRR AR T ) TR A
BAF %
2.1 EAMERLEAFR

€ TR FARE B A A T || € ) 2
HEAT, it F(8) 2w w S (3) AR IE A8,
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c=>Y06x7 =>C, (11)
h=1 h
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(12)

(13)

H H
C=YaoXY"=3C. (14)
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(14) P XY, CF AREIEASHE  BFk X,
Y, &5 X, YRR CF RS C, %R
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M ERE AR P,
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pr = LI/ ICN2 Py = X Crll* /1.
h' =1

(15)
o EERER p, W RT p, P, WK T P,/
Hr ASVD ik BT SVD,
2.2 THEHHFHELRRTER
PLVic C BFT I AT, V ik € B3 1) &
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my

fvsl = Aslsl = Zlcz(sl ’SZ) ’
5y =

my

S'V“z =BS2.Y2 = ZICZ(SI,Sz)O (17)
Sl:

EAAGEH T s, HF 5 G %.s, 5 G5 F M
DTS5 I B o

WHh V. V5 CHEI XL, o SVD, V.,V
A5 X, Y, HAEHE; WX ASVD, W% ] (8) 2
WHEEw ™ w (LR N 1 [d, 1/ d,)
SF(11) A ASVD 3By 45 FAE 39 720

H H
c=Ye6Xx ¥V, =Y¢C, (18)
h=1 h=1
C=w'Cw ;X =w'X, ¥V, =w'Y,;
Y= Cow T A B A - R AR R A BRI
(18R X, ¥, C; AR HIE A Ak
X, ¥V, 5 XV, XMyl Ct RS C,
N by HLR o
aR A FAEEWN X, X, 5V, 7, Y,
5 V. &X Y, FR4EHEXS, V.,V EREHX
MRS BT X, .Y, WA K ASVD 75 ik
.+ SVD,

3 N FHZEG

LI 60 a(1951—2010 4F) 160 354 2= (12
HA—WAF2 A) PSR 5 Bk i3 04 TR0 AH G 4
Bk, (1) 3 F R SR bR o Ak B 3 ) 4
5 ,G MK B PRE I P S E A, C R
BRI REE S, F.G.C RN
ITIEZESR . ITIEGE A T 1 82445 (2011) A% /A
42(2011) ZRAFH ] 160 S35 R d, s = 1,160
X}t C fF SVD . ASVD , {51 T1E T | J5 25 S 45
T 28 R AR L5 R AN 2 [ RRAE A

5

3.1 WAHABEEEE

P (15) A (13) 2R SVD  ASVD A 7 81
HBFp; P Hp, P, (F1), FEEFSIM KN
ARG i R 4 MRS (h=1,4) 1 p, KT
pil T4 DMK P, 55 88.8% , H'EMTHY P, W
BRTFAHR Py o BB, W7 708 22 Bk W 35 504k
TTIEWA 2 T SVD 7 ik B4 TR
3.2 FTEYFELLE

Fedg R 2 A BRI T, AT
GrADS % B 3K {4 1) zs a1 ¥ S) 4k T e 6 (16) |
() FR\ T,V ,VE 1), B, V(E 1) /I, &
{H X 3% A B PR AE 40°N ARG RO b X, S {E
O TR VU R TR (R8BI ) 5 0 A 48U
9, X 5 AR A A RRERELA . B, V(B 1b)
AL UL G XA A R A T P e T
[ 215 %510 |y e e | AN = | ) B v 2R
75 X E BRI 2 AR A G,

55T ASVD (SVD 7S [ X V(& 1a) B4
o MK 2a AT W ASVD 3415 1 2675 5 1) o i gy
B X R LK 5,V s X 5 A+ AR T
F I 3a AT UL, SVD 55 1 237 Sl i X, B 4 5
X R AR S A 100°E LUR XSS,V AHL, AS-
VD 43HrER 2 Ze A R LR X (F 2b) 4
SHE XA P T 105°E AP, H 78 74 g b X 8T
SPGB 7 B 436, M X F SVD /9 X, (& 3b)
BRET,V B ARAE 22 A 5 T SVD 55 2 7 & S [
X, (&l 3b) 19 =25 48 XHE X 53 547 T 105°E DL AR
(3t o B AR X RN PGS (s ) , B B3 5,V 1%
E XX R, 228 (B FRAE HL 57 %6, ASVD 247 53 [
WAL,V S BT AR T SVD, X, V(& 1b)
5 Y, .Y, KRN, BARIRLITV LR,

F1 1951—2010 F£HE 160 35 L =5 E [E/KEHAHEXA ASVD SVD EHIUEE S

Table 1 The ASVD/SVD analysis of the rate of squarefitting on the correlation coefficient between temperature and precipitation in

winter during 1951—2010 %
h
Giitat

2 3 4 6 7 8 9 10
O 43.5 23.2 16.0 6.1 3.2 1.3 1.1 0.9 0.7 0.6
I 39.3 16. 4 14.0 5.7 6.7 1.1 1.5 0.9 0.8 0.8
Apy, 4.2 6.8 2.0 0.4 -3.5 0.2 -0.4 0.0 -0.1 -0.2
P, 43.5 66.7 82.7 88.8 92.0 93.3 94.4 95.3 96.0 96. 6
P) 39.3 55.9 70.0 76.8 86.3 87.4 89.9 91.4 92.5 93.5
AP, 4.2 10. 8 12.7 12.0 5.7 5.9 4.5 3.9 3.5 3.1

E:8p, =p, -p) ;AP,I:}A’,]—P,,*.
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Fig.1 The squarefitting of correlation coefficient between temperature and precipitation in winter during 1951—

2010 ( shadings show the values greater than or equal to 4)

a. /V(between temperature at single station

and precipitation field) ;b. ,V(between precipitation at single station and temperature field)
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Fig.2 The typical fields of ASVD Ileft singular vectors of correlation coefficient matrix between temperature and

precipitation in winter during 1951—2010 ( shadings show the absolute values greater than or equal to

0.25) a. X ;b. X
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EOF 73 M C R 45 H T 4% 3 AU % kL SVD 5 i vh
BSJEITIE M5 2%, P AR 31 T etk (4 4 S5 (8 43 1
(ASVD) 15, # ASVD J5ik SVD J7k T
60 a(1951—2010 4F) 160 34 2= . oK A 40
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HI 4 A FEBS ABT IG S BRI AR
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Fig.3 The typical fields of SVD left singular vectors of correlation coefficient matrix between temperature and

precipitation in winter during 1951—2010 ( shadings show the absolute values greater than or equal to

0.08)  a.X;;b.X,
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