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Analysis of Forecast Modifying Trend of the Numerical Model
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Abstract; Modifying trend (MD) analysis for different forecasts at same valid time is a method to estimate
the forecast error and calibrate the forecast. To verify the validation of this method, intensity and position
index of the westerly wind trough (WWT) and area index, intensity index, west ridge point and north
edge index of the subtropical high (sTH) of northwest Pacific Ocean are defined. Using the 500 hPa geo-
potential height forecast dataset from April 2011 to September 2015, the correlation and consistency of in-
tensity and position MDs of sTH and WWT at different positions around China produced by ECMWF
(EC) and T639 models are analyzed and compared. The results show that there are systematic biases for
EC and T639 sTH forecast and the WWTs are nearly bias free. The systematic biases of T639 are larger
than that of EC. As the lead times are prolonged, the sTH eastward systematic biases of west ridge points
and decreasing intensity and area systematic biases are enlarged. The west ridge point, intensity and area
of sTH show no significant correlations among the MDs of different lead times and the MDs are not con-
sistent for EC and T639. The forecast error and MD characteristics of sTH are different as the west ridge

points are located at different longitudes. As the west ridge point moves from the east Indian Ocean to the
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northwest Pacific Ocean east of Philippines Islands, the sTH forecast errores and systematic biases de-

crease, In different longitude ranges there is no significant correlation among MDs of different lead times

and their covariances are negative, which means the MDs are inconsistent. For the WWT, EC and T639

models both show that the errors of WWT in high latitudes are larger than that in low latitudes and the er-

rors of WWT intensity are small. The errors of T639 are significantly larger than that of EC. The covari-

ances among MDs of different lead times are negative too, which means that the WWTs position MDs are

not consistent for EC and T639 as well. The correlatons among MDs of different periods are nearly 0,

which means that the upgrades of EC and T639 models do not have any effects on the inconsistency of

MDs.
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Fig. 1 The 500 hPa geopotential height analysis
(black) at 08:00 BT 20 August 2015, different lead-time
forecasts valid for the same time (red: 24 h;
green: 48 h; blue: 72 h), the corresponding subtropical
high west ridge point (vertical bold lines) , mean north
edge within 90°—135°E (horizontal bold lines) and
the objective troughs ()
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Fig. 2 Objective identification diagram of
500 hPa westerly wind trough (WWT) at
08:00 BT 12 February 2014
(Contour: the geopential height after 11 point moving
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Fig.3 The MD mean of sTH different indexes: (a) area index, (b) intensity index,
(¢) west ridge point, (d) north edge for different lead times in different years and
seasons of the ECMWF forecasts with start time at 20.00 BT
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winter half year, respectively. For example, 11W indicates winter half year 2011)
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Z P 7 28 DL b =T gy 2 8N — R 4
B 20 F1 08 Bf At 47 £y AN [6] 22755 A [m] B 28 ] s A
S B TS R R AR G R BRI L &R
PR 0.2 i RERM 0L R AE 0.1 247, 5
L giie—30. U] LRI Sy @l b 5% B s
P14 ) B A 2 ) S A L N . P AR 48 —
24 h #l 24 h—ana [} 8 5% e # 2Z [6]F HH] 50 17y
D5 2% HoA A P 7 2 WA R IR T 0 (R DL i W
A P R 48—24 h iR B M 24 h py AR %

25 Z A B 2 I A DG . iE— 2B 40 A I v
A A 20 F1 08 I B2 i 1% A ARy AN [ 2275 A [m] B
S8R 2R b A 1 A O R B IR ) W] AR B 5 40 A0
T ZE T AN () B 250 ) 08 B A O R AT DL ik
—0.603(2011 4E H P 4F, 20 B il 72—48 h 5 48
—24 h),—0.562(2013 44 J4F, 20 Bl R 48—
24 h 5 24 h—ana) il —0. 548 (2014 4F H L 4F, 08
AR 48—24 h 5 24 h—ana) , [ 55 4 B BEAH 54 &
B8 T 000, 0092014 4F & 4R, 20 B 4R 48—
24 h 5 24 h—ana; —0.001:2012 A4 4,08
IR 72—48 h 5 48—24 h) K LRI DT FE
fE : (D RAF B A S 35 (2) R AR A e PE s T &
A (3 AN R B BOAH 6 R A ARAR K HE — 0. 6~0
ZIA]5(4)72—48 h 5 48 —24 h ZZ ] (1 AH 56 PR & o
At E) B, 48 —24 h 5 24 h—ana 2Z [8] (19 #H 56 1E 3t
AN—E s, Mk 1 2015 AR s . B, EC-
MWE #522AS [a] B 80 5 P8 8 A 1 34, 72 h B Y
W 24 h By # ka3 2 8] JF A 8 a7 i) — 3ok . A
AR L TR 4 I e P4 A e I B 280 I O 3k —
S A A1 VG R B A IR B R k. (HAE
W NS o 7 N i = A7 NI i S = w7 N 1 =
PO 24 h P HIIRIR2EFTRE S 72—48 h 1} 48—24
h ) I A 2 B A R 0 A D L HLX — A 56
P AN LA 50 0 1) 38 3 2 o PR O R A A G TR
Al P AL 24 b PR R 2 R IR I AR 1 1 R
S (R B A D&Mk Sy 17, i B R R R AR 24 h
PR 22 Z A B — 0Pk, 24 h i Wi iR 2511
T A1 2 P R R A R

®1 201558 15HE9IRA30 B, ECEX 20 HEHRBSAHE AL R,
HREHMEEREH 2 h BRRENFTEDBENERE, URFHE

Table 1 The forecast variance of 72 h lead time of EC sTH indexes forecast with

start time at 20:00 BT from 15 May to 30 September 2015 and its decompositions and means

Vi A de 5 T B £ T JBE 4 KL

D72—ana 28.8 5. 10 101511. 39 677514. 45
Dry—1s 14. 48 1.53 29218. 25 164002. 58
Dig—24 19.91 2.75 35112. 71 199667. 22
D2i—ana 16. 33 1.34 16704, 12 124949. 21
2¢0072— 18, 18—24 —4.02 —0.63 11896. 96 94131. 43
200018 24,24 ana —16.10 —0.16 1545. 23 46188. 22
2¢0v72—18,24—ana —1.72 0.26 7034.12 48575. 79
M72—ana 3.75 0.21 —311.83 —818. 88
Mg ana 3.16 0.21 —214.72 —591.73
Myi— ana 0.78 0.33 —59.06 —152.71
Mzy— s 0.58 0.00 —97.12 —227.14
Miyg—24 2.38 —0.12 —155. 65 —439. 02

W 1w, X EC izt 20 w4 2 2= 5 & v

AL S 25 I 28R 5% 22 A A 2 A 1 - 2 fEDR
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F o A0 I TR 1R 22 R R R A ) S 38 4
T 0, Ui WX Bl B AU A7 B R R 22 /N L PR 3R 34
WA S AE PG 5 72 F1 48 h B HidR IR 22 KT 3
ANERE 24 h B R ZZIET 1AL UL E] S
PO 2, TR A7 72 AR B 38 B 1 At 2 » FL ISP OB G, 3
— R G2 5B 3c 45—

F 2PN A 201545 415 HE S8 H 31 HLEC
B 20 B4 Bl = PG A 05 72— 48 h Fl 48— 24 h
A AN [i) 3 o A I st A B R AR 8, DA Bk I I B
24 h TR R 22 43 50 A I RO RE AR BRGS0
FO L H A E S SREARCR 75 d, AT TS B
SO B R VA TR R G e AR I 22 . B L —
(38 A A TG S % 72— 48 h Fl 48—
24 h Sy [RIBH ZR - 7E3X 38 ANMFEAS b, X B 24 (14) A4~
FEAR TG & 24 h W AR (PE) . 4518 518 3¢ —3K.

*x2 20155£5H158%8 A 31 H,EC#E=R
0MERBSAERT2—48h N 48—24 hEERE R
IE 5% 51 B B B AR 5
Table 2 Schematic contingency table of 72— 48 h and
48—24 h MD for EC sTH west ridge point
forecast with start time at 20:00 BT

48—24 h

- — it
+ 38(24,14) 12(10,2) 50(34,16)
72—48 h
- 20(15,5) 5(4,1) 25(19,6)
it 58(39,19) 17(14,3) 75(53,22)
A5 S WX BE BT 24 h—ana y 1E G RE A B0 A7 2800 A B ECH
75 d.

Note: The numbers in bracket indicate the positive and negative samples of
24 h—ana under the conditions; the sample time is from 15 May to

31 August 2015. and the valid sample number is 75 d.

ST 5 R I G A AR M Ml 2 X R e —
SCHE A3 AT RS L A5 B R TIR  25 PE R  E . 2
OYATAS I AL R L R B, a3 3 TR BLI PR A
72—48 h IR BN IE R R AR BT, 24 h
TR 152 22 0 1E R RORE A Bt 4230, T 48 — 24 h (i
OB AR R REA S (52) 18 R T IE R RE A K (23)
S e PG A A 48 I 24 h TR 22 1] A i Y 97 G A o6
PEGE D,

M 3BT LAE B, RG22 1T 1E 5 2 &l & 7
A 72—48 h il 48— 24 h (1 I B Sy 1E (1 B
¢, Bl = VU 24 b Y SR R 2 Dy TE AR AR
AR 2/15 F113/15, JL-F-#f Ry f, HABAE 5L F .24 h
TR Ry A R0 AR RE AR B . AL, EC BTG
J& R 2015 AU IR [ @IS U A R TR L 48 A 24

h R LA TR A DG ML 72 h BRI 24
h ()R B A IE R — B0, B8k 55 v 32 B0 1 B B
ARG 3T ) e 2 T VT A SRR S p I o Y R TR
RGN AR BN L & B AR T O B R
FE T —EA A e . 1IE W Hamill(2003) %F 850 hPa
SRR B B .24 h I FiiRIR 2 52
T R 2050 ) 9] 5 e A% 22 () 5 80 Ao T R DG L TE 2R
PERY R 22T IERE AL, 5] A 48 h L (E0) 72 h /) i
AT IE RO ILF o etk . PL B X EC R &
IR S SRR TR SR =X N D EL oW

3 BARLEAHAFIRRFZEERERBRL
Table 3 Same as Table 2, but for the removed

systematic biases

48—24 h .
T — &t
+ 15(2,13) 23(13,10) 38(15,23)
72—48 h
— 8(3,5) 29(13,16) 37(16,21)
it 23(5,18) 52(26,26) (31,44)

15 Hw R gl 55 v i & B, @l AL T AN [ 7
AV EFSR R AR AOR TR . A T
AL EC B 00 B 2= R s 4 Y 2R 22 SR R
POH AL R R = AR /N . B 4 B s V8 A S
TSR] 22 B ] o VA o T 1% 2 R R B e A R AE
W 4 R BEAR b E 2 B VS OB AR TR
DRI LR GO 25 I R A I TSR A T2
A8 h W I R G 25, £ 110°E DL AR FE i A= 2° A
1.5° 2247 .76 110°E DAP§fw 7R 5. 6°H1 3. 5° 647 .24 h
PR 1% 22 16 90°~100°E Nk K. 7E0. 5° A& s
HoAth XIS #R 4205 T 0,72 h B R IR Z7E 110°E LU
PR KT 110°E DIAR,

FAXT T At 28 B X)L P9 AL T 1007 ~
L10°E, BV o g 2 B B o PG 5 s 4% B &30 1) 1 88 e 34
24 h WAk R 220 T 25K I HAR S 72 h FildRki 2=
Pl (R O, ULBH PG S0 TR 2 S, 72 h 45
FRF 2500 PG A A 9 00 1% 25 R0 A IE 00 R e A 4
S N0 Y § TR 3 Rl 51 B0 i B (R T €
A7 T H Al DX 3l e B I8 i K LR R B AR G 1 L R
FET T PR R 22 1Y J7 22 5K Dy B 7 25 00 — 2 (R
), ULHTE] S PEH AL TR S e 72 h N
T B 3550 ) o] R 34 2 T) L B A S oy 3, L
48—24 h 5 24 h—ana J&#& ¥ # Z [8] (1) 57RO PR 5
hBE. SR LIPS -8 TRASES ST
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SAEEE SN B G U NN TR N R N D W
2251 5 25 IR PR ST A — B RS J7

TE I GUAH S

2% 51 7 25 e o RH AR I R4 R R S 2 TR A —

F4 2015FE5A15HEIA3H,ECRABSAERUTARNZEN,AEA T2 h BUIRIRENF £,

DRRENEFEURFEFHE(NTFELER AN ELMEARSBIH 43.45.61 F1 26 1)

Table 4 The forecast variance of 72 h lead time of EC sTH west ridge point from 15 May to 30 September 2015

and its decompositions and means when the west ridge point is located in different longitude ranges

(The valid sample numbers in different longitude ranges are 43, 45, 61 and 26, respectively)

VO L 90°~100°E 100°~110°E 110°~120°E 120°~130°E
D73 ana 33.12 29. 80 16. 87 10. 74
D7y—4s 10. 43 25. 80 11.75 4. 46
Dys—21 10. 84 36.09 17. 85 1. 60
Dai—ana 21.72 31.01 20.23 2.32

200V72—18,48—24 1. 30 —16. 05 1.77 —0.34

200048 24,24 ana —9.74 —33.92 —31.05 0.69

2¢0072—18.,24—ana —1.43 —13.13 —3.68 2.02
M7z ana 5.74 5.65 2.20 2.00
Mig—ana 3.67 3.51 1.42 1. 54
Mz ana 0.52 —0.04 —0.39 —0.01
M72—4s 2.07 2.15 0.78 0.45
Mg 24 3. 14 3.54 1.82 1. 56

PG AT 90°~100°E = [a], B4R B B P it
T A P R R R A T 25 I RN TR Oy 22 L1
24 h FHR T 25 8K o [ I I e A B D 7 25 4 R
BV A F 100°~110°E i B 8 4l /I (& 4) , AT Il
VG L F PG B RE I B 3 R o VA A A B
PR SAOR B  B N A I R R O 2%, LA
HL 22 ()G B A A e

MPGH AT 110°~120°E i), B % = 7 %
B PH A i PR R S Uy 22 S TR T 22 X — 4
5 762 s 2 T o R 2 B I AL EAS T s R
Ry 22 R 22 W BN TS & Ul B P A
T 96 B ) G G A AN [ I A AR 1 1 2 R E
B B N . (E R R R A B O 22 9T /D
FIEH BRI A 48—24 h 5 24 h—ana
Z IR Oy 2240 oM b 7 2200 AE 2 2 (R D,
Ui B B v S A S T R X T 2015 4R B RE
AP 48— 24 h A Y 24 h iR iR 2
ZAIA — 5 1 BAE 56 1 o Al 99 K i #A 2 I) A A
S, 5 TG A T AR B R R AR

MPGHF AT 120°~130°E 2 [a] i, & 55 v
ST R 25 A R A T E RN TR 2 A
(F& ) AN [ BF 2850 1 VG A 181 K e 34 22 ) A7 A 55 11
AR SGHE  AE T HOI 6 56 rh A £ 28 30y B B 81
T VY B WP

AL I PG A A [ AR A R R 2 T e R
H5PHE SN EA X, XA REZEH 907 ~
130°E Z [A] 52 2% (1 b JE Fr 850, DAV A 7R o DB 32 9 ot
PR g B PR R, R AR A S R
RAFVE . Horp i P9 s TE g ok B Z B 2
M, EEC A58 3% i) v A7 B V040 1) RS e Mk de 25,72 h B
BN A () B 2850 1 TR 7 25 T R e A 1) T 2= B0
AL B A (B A — o 1 M DG . R X X —
DX 35 A ) o 1T O o A S B R S T A G RO — A
ERE R0 Aol B B NN = RIS P VA o | =g
PLZR B9 7 R F- ¥ B EC 88 X00) B =5 7014 A B
BB TR R 2 R A R A O 25 B R N L IR
A B DA IE AR S Sy A T DA TR A R
321 il 2 5 55 T I S e B

2.2 BERENRRAEER

& 6 it s o ECMWE #X 20 i) e 4z, B i@t
AR CBID /Y 74 XU 1 Y 9t B2 45 KA 48 BOAS () i)
BN RS SR G0 S PO ! = SV i H 0K
BE RS VY [ {7 5, 72— 48 h Fl 48 —24 h, D)}z 48—
24 h #l 24 h—ana B B H Z (A1 F7F 72— & 1Y 771 A9 AH
M 5 R VA AR A [ B R o A A G
RZEGR A TE T EE —0. 6 4 KB4 T/~
F—0. 3, 6B BJ FE 5 A A B 48—24 h (&
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PR 72—48 h py B HEAM 1M 24 h—ana
(TR 22 AR AR 48— 24 h [y IR 4& KA 38 2 L B
WA B A% 48 h FiHfe 4L 72 h WAk 24 h 48 h
AR T 24 hooig, QAR 48 h W4 72 h 7
A A< 0] 24 h % A8 h AR Y, & # 24 h X
7R . AFZ BI RS 6 4R 0 AN ) 22795 LA [ B 280
JEE RS, T 114 8 4 e A 22 ) 0 A 6 FR B 22 0 AR T
—0.7~0.1 Z[], BRI L BI AL E R
AE 418 B 250 17 8 A i A 2 ) g 7 1 A DG M (HIE 7E 3
A3 BB R & R BN IE U0 2013 4 52 24555 3 45 5
72—48 h Fl 48— 24 h Z W] i 8 5 a0 AH OC R 8K
Sh0.221, 2015 4E AR B IS EL 72— 48 h I 48
—24 h Z[R] (R HE A 5 R ECH 0.105, X —
WG, — 7R T X T 20 mf A 4R AY TR . 78—

(a) r=—0.363
01ISHY  R=—0.571
+201IWHY R=—0.398
2012SHY R=-0.394

5] +2012WHY R=—0.549
= “20138HY R=0.221
a + “2013WHY R=—0.381
i . + 2014SHY R=—0.413
S P +2014WHY R=—0.395
= b 201SSHY R=—0.399
=] bR
E — el i g
= . A&

o +x *a-'t***

Kl + + +

g + +%

| +

g
T T
-5 0 5

72-48 hiEHE#/dagpm
(c) 1=—0.395

6 L201ISHY  R=0.077
01LWHY R=—0.502
*2012SHY R=-0.127
2012WHY R=-0.942
44 * “20139HY  R=—0.361
+ +013WHY R=0.260
* g *2014SHY R=-0.278
: * 014WHY R=0.015
g 24 + ¥ . Ll 2015SHY R=0.105
£
9z R T
= 0 N 1&5 A *‘i*ﬁ-** R
& o it g w7 F ot
* LT R .l
= CAR RS
- x + % *i o+ %
<Tl —2 — + 4 +
o0 *
= +
_4 —
76 —

I I I I I I
—6 —4 -2 0 2 4 6

72—48 hiiEFRE/°

AR AR AR B R AR A B D R Bl T AR OR
RECWBENLIESS K 5 — L B — KRS
TR B I 29T AR Y RROA SR IR R AT O R T iR S
SR AEBR AL O TR AL A 58 f v 7E
AR AR PR AR SR R AN [ A9 R AE

A B A3 Al R B EC B %) BI Al
VR 5 i AN 7] HsF 280 1 R 3 i 34 O B A o0 A 45k 2
A JF A R B S LA & B P i R G 2%
MNFE 5 BJ K5 RN B AN [F] B RCHHR R 2E FE
A EER A 58 5 P8 T 0 dagpm,
L8 B EE BA 72 h BURAE —0. 5747 ui W] BJ
72 h AR A B AR P 0. 5°H) R GE M 22 . HiAlh
I 35 1) 2R G 22 KB4 T 0.

(b) r=-0.324
#201ISHY  R=—0.689
+2011WHY R=-0.318
£20128HY  R=—0.502
5 +2012WHY R=—0.171
g “2013SHY  R=—0.310
& +2013WHY R=—0.482
g * £2014SHY  R=—0.533
N . +2014WHY R=0.014
= o 2015SHY  R=-0.631
3 + *t
gm £
b .
) 0 + F T 1— '
o + * *
= +y  THIEHRERT 4
= e
Té *
= *
<
N 54 + +
I I
=5 0 5
48-24 hit £ 4L/ dagpm
(d) r=—0.427
6 W201ISHY  R=0.449
R0ITWHY R=—0.060
2012SHY  R=-0.387
#2012WHY R=-0.943
4 “2013SHY  R=-0.329
+2013WHY R=—0.142
. 2014SHY  R=—0.037
N +2014WHY R=—0.149
K 27 Ll 2015SHY  R=—0.194
g
H
= 0
[+
=
T
= 72
<
o
_4 .
76 —

48-24 hiHigs/”

Bl 6 ECHEEL 20 & Hiowd B a3t & (BID i 75 XUy Bl A [ I8 (asc: 72— 48 hovs. 48—24 h;
b,d:48—24 hvs. 24 h—ana) A4 AT (SHY : 2P AR WHY AR 45) R IE (asb)
FIALE Cco d) T84 8 F BRI B2 O R 1R AR G R 5 (B R8s
Fig. 6 Scatter diagram of EC forecast with start time at 20:00 BT for the north Xinjiang WWT

intensity (a, b) and position (¢, d) index MDs for different lead times
(as c: 72—48 h vs. 48—24 h; b, d: 48—24 h vs. 24 h—ana),

different years and seasons, and their correlation coefficients
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XF EC 22X 08 W2 i it BI A 14 137 B A5k B 11
AN Tr) B 280 1 8 2 i A ) I RIS T 4 4y AN [] 2%
A 5 R B CIE W) HEAT 43 BT REAE F 20 B R 4R
(JE 6) By A TH] BB EC L2 08 A1 20 B &2 4l xf BJ
Py T AN [ B 200 22 ] ) o] R s 40 T W 3 25 5%

B 55 FiE A B L A AT S A i i R A |
S BB REAE L 67 RIS BE 72— 48 h Y I R
24 h—ana P TR 2 25 Z RLAEAE IE I AH DG . AR
P20 (D) xF 72 h R B Al A7 B A R R R 22
HEAT 7 2200 M . B T REA R B [ 08 Fl 20 )
FE 1 1) R e 3 2 R TE B B 25 L BRIk 2015 4F 5
H 15 H%E 9 A 30 H 08 I 20 A E IR Ay BT A AHEAS
BRREAIL 37 A, g 5 Fron . % BI K ) 358 B 15
R T7 2576 1 dagpm 22 A7 o T AV B T 4R 1) 7 25 48
K72 F 24 h A HIAE 10 R 2. 36° A8 4G . AT LXF
BJ 8 1 T4, A5 20 1R 25 3 SR A Y b T4
BJ 158 B 1) T 2 25 235 F 0 dagpm, X F BJ
FERTE Y 72 h TR 25,72 —48 h.48—24 h F1 24
h—ana i 4% & 34 W0 1 22 1 1) Bh O 22 45 4% 1 300 4%
B I 22N — A%, HBIE T 0 dagpm, H

covps—ig.1s—21 FIME R IE S T covra— 15,21 ana WAEH B T, 5
Bl 6c I 6d 1 2015 47 EL A4 B M A 48 50AS [F] B
RO # G H A K R BN 0,105 F1 0. 194 Y4518 —
o X T B AR 72 h WiiR2E,72—48 h 48—
24 h #l 24 h—ana P& PGP Z 8] 19 B 7 26 K 45
R B A 7 2210 1/5 247 5 Bl 6a fil 6b R
2015 4 B> AF BJ R 5 BE 5 BOAS [] B 4350 0] 35 #4440
K ZRBFCH —0.399 F—0. 631 L5 IL—3., HEK
BERS B] 55 A 72—48 h Al 24 h—ana A BEHZ
(1] Sk 1EAH 56, (HL 3 22 18] 18 Wb 22 40 6 45 I 3k 1)
R ZE T A2 /D—DE0E g, R Tk X
— OGSk X BY AR 24 h B IEATITIE . /0
FA ARy AN =45 B M5 BE 72— 48 h 8 fa HF
24 h—ana Z [A] () A0 & E CETBE ) o B A 500 4F 403 4~ 1
AT A S KR A3 B ) B 4 3 1) 4 DG R BOCH IE KR AE
0.3 LAV s INEBS 43 Aii th v] DL Y 6 3 22 (8] 1) AH 56
PEIFEAR 4B 5 55 40 . BY #5824 h—ana 9B HL
JERE 72— 48 h (B /N BB 72— 48 h
REAE T B) MiSREE 24 h—ana (9 WRIR2Z . AL
1B AT 1Ak T2

F5 ECHEXFBILEHE (B)) . 4Lt (HB) K44 (DB) .M Il £ i & 5 (SC)
FIET S HE (NZ) B8 B (AL :dagpm) AL B (BAAL:°)72 h IR EW A E , URDBEHNEFEMEHE
Table 5 The WWT intensity (unit: dagpm) and position (unit: °) variances of

72 h forecast of EC model and their decompositions and means

BJ BJ HB HB DB DB SC SC NZ NZ

9 S (AT SR i B RIE (AR B JEE (DA R i

D72 ana 2.12 10. 22 2.16 3.66 3.22 3.67 1.55 1.38 1. 20 1. 60
D72 1.51 7.47 1. 37 2.94 2.44 4.15 0. 45 0. 80 0.69 0. 85
Dig—24 0. 61 0. 84 0. 60 1. 59 1. 30 0. 94 0. 40 0.43 0.75 0. 50
Dii—ana 0. 83 2.36 0. 86 0.52 0.51 0. 25 0. 68 0. 67 0.50 0.58
200072 48,4824 —0.72 0.43 —0.33 —0.72 —1.37 —1.27 0.10 —0.08 —0.04 —0.08
200018 24.21—ana —0.36 —0.39 —0.47 —0.85 —0.41 —0.18 —0.05 —0.16 —0.64 0.02
20007248 .24—ana 0. 25 —0.49 0.13 0.17 0.75 —0.20 —0.03 —0.30 —0.06 —0.27
Moz ana 0. 30 —0.59 0.11 0.81 0.93 0. 45 1.12 —0.31 0.19 —0.44
Mis— —0.01 —0.16 0.25 0.53 0.78 0. 24 1. 08 —0. 36 0.22 —0.23
Mzi—ana —0.01 —0.27 0.28 0.16 0.43 —0.07 0.99 —0.29 0. 30 —0.28
Mz 43 0. 31 —0.44 —0.14 0.28 0.15 0.21 0. 04 0.05 —0.03 —0.21
Mis—24 0.01 0.11 —0.03 0. 37 0. 36 0. 31 0.09 —0.07 —0.08 0. 05

HHovh BJVHB #1 DB 32 2015 4F 5 F 15 H & 9 7 30 HFEAR AT HOEA 4390 37,49 F1 67 4~,SC Fl NZ iz 2013 4 12 7 3 H % 2015 4E 9

30 HAEAS ATRUFEA ST 5 g 27 #0189 4>

Note: The sample time of B], HB and DB is from 15 May to 30 September 2015 and valid sample numbers are 37, 49 and 67 while the sample time
of SC and NZ WWT is from 3 December 2013 to 30 September 2015 and valid sample numbers are 27 and 89.

AL AR B REA B R EC X B) 15
JEE R B B 34T K AR 0 4 A A7 7 flip-flop-flip”
(Zsoter et al, 200D %, B 48 h Wi 72 h 4R
FARVEE .24 h iR 48 h MR AEA ST A,

15 24 b PR AR X T 20 A S A S PG . EOR X T
2015 4F 5 7 13 HRA TR 1) EC B R 5. A
AR50 B R 1 5 58 0 2 5 1 1R B R O I SR B
DAL A HRFAE o A 58 2R 808 — 22 08/ B R T 0 [A] I
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PEAER 72—48 h Fll 48— 24 h [ & 4% 4 Hx g 55
Y IE AR SEPE . AT DUBUE B S B T A2 200 AR A
FORRAS A% 04 Br A2 Ak 45 22 i R 3R B 52 ) s AN (] s
B TR 22 B) I T A B — S I R R A, B X
— R BER G FN  RR ARG BB A AR
R AT B A8 AH R 2R N AR 10 55 T R A G, T B AR A
A R R AS AT e 40 T

A3 AT ) —BE 20 BI R ) 47 BRI 5 3 ) R R B
Z I R (BT AR TRVAE Ay AN R) 2877 P 3 A O R

72—48 hiRJEHE%/ dagpm
48—24 higjEHE%/dagpm

-5

7248 hiHig%/”

BB 22 S K AE—0.3~0.5 Z 8], A 1E 1A
KAEALA 1A AR SN [R] I 3B A 0T T 0 A AR G
Wi ][] — I 200 B M ) o7 5 R 5 2 ) 3 8 5 4 22 T
f R BRI — i TE AN ] B8 2255 LA [ B R AS
P Z 18] B 5 R AN [ L A I ] BEAN A7 AEAH S L TR Ik
ANRE T B Al SR BE (7 D TR 1 9 8 35Ok 9T 1E B
A7 B iR 5 ) 118 18] 4 B sl 2% P 3 T 2200 ]

24 h—anai® E+54/dagpm

0 5

4824 hizBEi5%/° 24 h—anaf Bi5%/°

B 7 ECH B] f AR : (a)72—48 h,(b)48—24 h,(c)24 h—ana, A [FR4EH
AN [ 25 745 o7 148 HOR 5 T 48 HOR B A ) R s 18] B HORE o6 R B (B R )
Fig. 7 Scatter diagram of the B] WW'T position index MD vs. intensity indexMD of ECMWF model

for different lead times (a: 72—48 h, b: 48—24 h, c: 24 h—ana) ., different years and seasons,

and the corresponding correlation coefficients

W5 % 3 [ KA 3K i A T2 L (HB) |
Zr Ak (DB) F1PY )1 £ 4 (SO ikt , DL K% B 2 hl (NZ)
HRAEZC D XF 72 h HHz 0 A AR R AT O 25
fift . T BB DT A5 5 25 40 BT A et E
S ) g R 50 B 2R R RS2 e, T HB R A
DB i , 4 B EC B A BT 5 i 08 Fi 20 B R 4
92015 4E 5 H 15 HZE 9 A 30 HBFEAR A RFEAR
G301k 49 67 A, E X — ) ] Br SC M NZ 4 5
MAA 174, ECHEERA b — R RA 8
20134F 12 A 1 H, A Xy F SC #F1 NZ il , 5 Bt
2013 4F 12 H 3 H % 2015 4E 9 H 30 HREA , B3k
BEAR AT Ry 27 189 A,

5 FiR, LA B HESR EE RIS 72 h TR R
Z2 105 25 00 4 F 45 T DA B 45 BRI T 4R 12 25 R A
B E. 0L, 5 B) R —FE, A X T 550
dapgm & 47 (A AE R L A2 b AR b DU 1] 4 3l RN RS S
R PR 8 J3E 110 41 15 22 R 4% I 50O A A (1 Ty 22 R A
ANGT2 R 24 h BUARR ZE M TT 257 0 2 0.5 A
A s HTUR 5 22 #0522 0 F- YA &R 45206 T 0 dagpm,
UL EC #8200t B B b 7 09 4 L 00 1] 2 Al RN RS

SCRE R ) TR 22 AR /N0 S B A Y 2
X A DU A X388 4 A 45 s 2350 T R 0 I A O i I
Xf SC #8, fi 58 1 dagpm 72 7, DB M fi 358 4% 1 1
dapgm, HB f§F1 NZ f& i 5 A BH S . X 8 588 38 790 4
DRZE T 25 1 43 Ff K A6 AH &1 Bl R0 8 R s 4 2 []
B T3 25 LARE Sy AN BIIE B0  h#E0E T 0 1 IE
H Iy 25 AR B D 25 1 L AR F U4 25 B/ —
AT o UL B AS [7] B 2850 110 Al i B 9 8 s 34 2 )
I8 W B A 56 & L IRl s f i B 22 5 BT ARG
FEAEARAL s 136 P A7 A — € 19 “ flip-flop-flip” L &, AP
72 h WARAW SR (59) .48 h B w55 (3) . 24 h HiR
T U 8 (55 (FL i 56 55 D 559 194 Wk e B 25501 O
RER b 5 BN R A R R TR O 25 B
25 R IE DB R L A 7] B 250 0] 3% e 4 22 0] ) A O
FEGA —0. 38, DB R B AF BE AR A6 i 5 AR
SE 1) SR R SOV 10, 32 JLSg ) Bk i R A
ARPARNE RS T 2 3 E AR AL b X, 5 D R B2 <
A BT BRI ZL S i LA R GE i R e PR
2, TR R 22 0 K . XF T R AL T T Y
BJ #5F1 HDB K, 58 B Wil 7 22 9 K T F s 5 i
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SC fi 1 NZ £,
2.3 T639 MARFRGHARER

G SR B TR 0 1 T639 4 BR AR X,
F 2013 4R T A BRI AL . 2014 4F 4 BN &
WA G Ak s Z S5 A2 AR AR PR 48 T e Oh B4 R 3K
{E TR PO R HE A NS » R B 9T 2014 4F 4
HZ 05 W96 RE AT LS Bk A% 2R AR X 19141 1 RE 19 5%
L8

VE R AT H o e B e A RAS B S5 1 2014 45
2015 4R 22 5—9 H . &Il & 45 18 BO0R 5 # 2 n)
RFR .2 6 iR, HXT EC B, T639 #izk
Al 1o 45 4 B I A AR R 2 AR R T 22 RS
TR 2ZH A R FRTE . X5 H R KR R — 2 0@l
SRR . EC S 00 F T639 £z, H )5 & M B
R 25 B I RBOE K TR R S B K T . &lE
A7 N 5 5 o 550 T i A A R A 2R G A 25 R AE
HECHR -8R D A& S RS TEE
SRR TR /N R R O 55 R AE . X — R GE

A 25 i o 3580 A0 A T 3 O, A6 R B Y R G R 22 A
B . 3T T639 #5Ca  9A a 5 b A 45 B ki
M R E T 22 08 3 /N TR O 25 R A
Py gy 22 9 HoN T EC 82X & I 240 % 35 2 [A]
BT 2 BT 72 b PR R e A7 S I A T A
ZEEA AR, AT, 5 EC B AR, T639 #&
SO I 5 1) T Bt A 8 K P S D AR T AR
7N 568 AR 553 1 2R 5 O 25 74 T 45 K, HL T639 85 X
() 28 45 0 22 B 8 KT EC A 2L T AS [ I 550 A 3 4%
R (8] B B AH S A B AR H R R 5
SRR T PN R R T R < R S iR A O
LM Y i gyl R N R < R N P
BTN T 2. B A A (2012) XF T639 B2 500
hPa = B 3 T 4 15 22 G 22 11 1F 19 430 B 0F 53 1 Sk
7N+ 500 hPa i 3wy BE T 41 38 38 e /) o HL A 28088 g
INVERBH S, U] BRI 1 3 T 243 R X
— ARG R ZEE R ITIESCR . 520 EARSCH
5% 4518 — 3L

Fx6 2014 FEM2015FE5F1HE9 A30 H,T639 #xX 20 HERA SAEE S JLF.
HREHEEREE T2 h ARRENFTE, PBRENEFERTHE
Table 6 Same as Table 1, but for T639 and the sample time is between 1 May and 30 September, for 2014 and 2015

EIRECE Vi A de 5t T B £ [
D72—ana 81. 64 7.33 361349. 64 2401033. 53
Dry—1s 24,23 3.05 70809. 71 328427.79
Dyg—2 22.27 2.32 59889. 82 365288. 97
D24 ana 50. 63 3.17 147909. 50 871529. 63

2¢0072—18.18—24 1.91 —0.43 28032. 42 198837. 2
200018 24,24 ana —10.07 —0.63 40842. 47 431291.7
2¢0072— 18,24~ ana —7.33 —0.15 13865.73 205658. 2

M72—ana 12. 37 —0.48 —782.08 —1844. 36
Mis— ana 9.82 —0.37 —634. 89 —1540. 19
My ana 6.78 —0.19 —475. 64 —1162. 46
My s 2.54 —0.12 —147.19 —304. 17
Mig—24 3.05 —0.17 —159. 25 —377.73

il s P A AL T A ] 28 BE I g3 B T639 A5

X R R VY AN [ B AR R R (R DL |
56 B R PG T T 22 L A% I AR R Ay 25
RGN 25 B 1A b 5 BT AN B . 5
EC B30 )+ (5 25 DX IR0 TU41 1R 25 T3 40 1 i 2
il b EC 20K, 53 6 4518 — 8. H Kk, T639
185 TR T 22 A 8 e 4 V3 D 22 e IR 2 P A
T 90°~100"E Z [l , Bl 7R BV EE 94 Bff 3 » 1 EC £ 5C
JE VA LT H R 5 I TR O 22 R R R 1 B
JrZEde K. T639 H 2P AF i 6L T AR Bl ¥ A b g

2 By I 1) D 22 AP 7 22 #R W] R OR T EC B, AT
DL+ 582 M B (R AR SO B Y AN U T 1 BT 7 )
Ay A RRA A — 4 538 X 48 m Ab B AR A
Al 2 FEA—HR4E5E .

Xt AN T B A5 o G A R R 4 2 ] A S
PR | T639 #i3k 72—48 h 5 48— 24 h A 4
PR B E T 22 AR B W] B AR SR (R T L T
48—24 h 5 24 h—ana PR 5 Z A A9 B 5 22 W1 (2
RTHIE - B T639 #EUHEI m T A 72—48 h
R B L I A I AR ) R R A 2 (] 3 T A
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% 842 %

BT XS HOE RS 5 BT R (9 T639 45X
72 b AR A B AR UR 25 S R OR R R AR — B
VU A A ] 28 B2 I 5 AN (] B 280 1 s R
{1 8 8 e S 2 1) 1 B O 22 AR B AR LA O L T
Ht 48—24 h 5 24 h—ana J8 B 52 W 1 P J7

25, U] T639 FEX 5 EC LA [R] . AR &P i 24 R &
VU 0 R IR — B R A 1 O T & A
“flip-flop” (Zsoter et al, 2009) %4k Jy 3, B 48 h i
O A5 (P9 L 71 24 h FUAR A 7Y (AR .

*7 AXR4,EAHAT3IER  EPUTELERBRNNERELRSHH 39.26.44 1 14 4
Table 7 Same as Table 4, but for T639, and numbers of the samples located at different

longitude ranges are 39, 26, 44 and 14 respectively

PR 90°~100"E 100°~110°E 110°~120°E 120°~130°E
Dr2—ana 130. 15 55.05 25.38 16. 82
Dro—4s 55. 84 40. 22 11.37 8.91
Dig—24 54.94 18. 28 4.39 4.62
D24 —ana 93.59 45. 66 16. 09 3.10

2¢0072—48.48— 24 8.08 —3.63 1. 38 7.17

20048 —24.24—ana —50. 85 —25.22 1.69 —2.16

2¢0v72—-18.21—ana —31.45 —20. 26 —9.53 —4.83
M7z~ ana 18.39 12. 82 4.85 4.00
Mg ana 15. 84 14.32 6.41 3.54
Mz ana 11. 14 10. 34 5.10 1. 90
Mo s 2.56 —1.50 —1.56 0. 46
Mis—24 4.70 3.98 1.31 1. 64

30 T639 # % BJ . HB, DB, SC, NZ ## 3 fif
FOE PR ) O S n R AR, IR 8 B, 5 EC
58 A [F] L #E AR 1 52 B0 b 5 A (BJ L HB.DB) 9 5%
JE RS B AR 7 25 R R A T 2 K TR TR
(SCNZ) W FFIE B 38 3 & K T EC #5220 o B2 Fi
o7 B 1) TR 158 25 TR R R A Ty 25 . S A iR R

TR B 5 25 TR R 3 7 2578 1~3 (dagpm)® /2
A HHX TG 9 B 550 dagpm A& 240 F B 2 40
F 0, ULBH T639 5 EC —#f, X H 8 3 1Y T4 1% 22
RN, XEFAEALE R G ZEAE — 0.5~ —0.
LZE A o Uk B A7 5 o %A 7S 55 7 XU R 36 vh
1R B 52— B X B A [) DX s AN [ o 35 ] s

*x8 [EFS5,184 T639 #ExX
Table 8 Same as Table 5, but for T639 model

BJ BJ HB HB DB DB SC SC NZ NZ

94 (DA 54 fir 54 fir 94 (VAL 5 2 fir

D72 —an 4.72 9.43 7.03 8.08 8.62 5. 80 2.85 4.11 2.42 4.52

Diy—us 3.05 6.70 3.97 3.45 5.72 4.19 1.12 1.51 1.57 4.43

Dig—24 1.24 3.19 2.07 2.83 3.57 1. 96 0. 63 0.85 1.33 1.55

Dai—ana 1.76 1. 96 1. 67 3.06 1.63 0.95 1.23 2.90 0.99 1. 40
20072 18,1821 —0.49 —1.85 0.29 0.21 —0.54 —0.66 —0.27 0.02 —0.73 —1.17
2€0018—24,24—ana —0.73 0.15 0.00 —0.73 —0.82 —0.62 —0.36 —1.07 —0.75 —0.68
2000724824 ana —0.11 —0.73 —0.98 —0.75 —0.93 —0.02 0.49 —0.10 0.01 —4.01
Moz —1.66 —0.54 —0.25 —0.12 0. 36 0. 00 0. 55 —0.61 —1.21 —0.14
Mis—an —1.02 —0.58 —0.42 —0.16 —0.02 —0.25 0.22 —0.25 —0.71 —0.42
M, —0. 44 —0.53 —0.27 —0.16 —0.21 —0.26 —0.08 —0.03 —0.31 —0.24

Mz s —0.64 0. 04 0.18 0. 04 0. 38 0. 24 0.33 —0. 36 —0.49 0.29
Mig—24 —0.58 —0.06 —0.15 0. 00 0.19 0.01 0. 30 —0.21 —0.40 —0.18

TR A S A 2014 4F 5 H

1 HZE 201545 9 H 30 HAEEA A RBEARS 5 R 101,151,246 .14 1 57 4~

Note: the sample time is from 1 May 2014 to 30 September 2015, and the sample numbers are 101, 151, 246, 14 and 57 respectively
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B /N I T639 B EC B A R L MY i 5k

R X PR 5 25 . #

JRE A B A [] o A% T 41 ) 8 i 4 2 1) [l A 8 A5 K
O WS B R S LSRR P T 22 b AR 408 s A 11 3
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T LS B T 25 A T U W AN [ s R0 o A s 4
HA—3.

(3) X 74 XURE 7 58 B = 35 B i b 7 i
1 5 2 B K 7 A I 8 25 B A 3R 25 T LA 2
WAL . B T639 BN R 2 W KT EC &
o X T A AR TG )AL B LA R R Gk
i 25 o 208 s 2550 1) T 2 e #h 2Z R DL S R O 2500
. B I o 550 P W R ) 7 O A B — B
LS ER

(4) ARIEHY EC F1 T639 #555X, %f &l w5 A v K
H R AS T B 200 T 41 1) 8 a3 IR ORI R
Y 25 5 M G R B E T 0, U B AR =X MU AS 1Y
TG s AN [R]85 2 A AN T] B 8 1 8 e # 2

[ R BEAT S 35 R S
S % ik

AL H/N R RO 20120 Bl TR T IE i SR O T 3 I 2R
Grdr. RAHIR4(2) - 82-87.
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