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ABSTRACT

The East Asian Summer Monsoon (EASM) is characterized by a distinct rainy
spell that lasts for several weeks. A zonally elongated rain band during the rainy
period migrates northward from the Yangtze River valley in China to Korea. The
rainy season, called “Changma” in Korea, “Meiyu” in China, and “Baiu” in Japan,
is vital to water management in populous East Asian countries. In particular, the
rainfall amount during Changma accounts for 30% of the total annual precipitation
in Korea. Therefore, it is critical to predict the onset of the rainy season for the
effective planing regarding water storage and supply over the East Asian region.

The Boreal Summer Intraseasonal Oscillation (BSISO) is one of important sources
of EASM variability, and affects the onset of summer monsoon precipitation. In
order to support the protection of lives and property in the APEC countries from
natural atmospheric hazards, the APEC Climate Center (APCC) has disseminated
BSISO forecast based on BSISO indices since 2013. This study aims to advance
our understanding of BSISO and facilitate the application of BSISO forecast by
investigating climatological aspects of BSISO and its features, which modulate the
rainfall and atmospheric circulation over East Asia. Commonality and dissimilarity
between BSISO1 and BSISO2 are mainly discussed.

Phase 4 of BSISO1 and phase 6 of BSISO2 are closely related to an increase
in rainfall amounts over East Asia based on observed precipitation data, spanning
from 1981 to 2010. During these two phases, both BSISO1 and BSISO2 accompany
low-level anticyclonic circulation over the Philippine Sea, supplying moisture to

East Asia. It is shown that the Philippine Sea anticyclone during phase 4 of BSISO1



is associated with a teleconnection pattern extending from the western tropical
Pacific to North America, which is revealed in the composite of the geopotential
height at 500hPa. However, the Philippine Sea anticyclone for phase 6 of BSISO2,
is only pronounced over the East Asia region as a part of the meridional tripole
pattern. The difference in the large—scale spatial pattern between phase 4 of BSISO1
and phase 6 of BSISO2, is attributed to the different horizontal distribution of
convective heating anomalies.

In addition, dissimilarity in vertical circulation is remarkable between phase 4
of BSISO1 and phase 6 of BSISOZ2. While the zonal vertical circulation is dominant
for phase 4 of BSISO1, the meridional vertical circulation is salient for phase 6
of BSISO2.

The relationship between Changma onset and the occurrence of phase 4 (6) of
BSISO1 (2) from 1981 to 2016 is further investigated. 5 out of 36 cases of Changma
onset occur in phase 4 of BSISO1, whereas 8 out 36 cases of Changma onset concur
with phase 6 of BSISO2. Intriguingly, the Changma onset is concurrent with phase
4 of BSISO1 in the ensuing summer of El Nino. Based on analysis of 30 years
of BSISO indices, it is found that a monthly variation of BSISO phase exists. The
amplitude of BSISO2 phase 6 is at its maximum in June, in conjunction with an
onset of rainy season in East Asia.

BSISO events for the last 30 years are categorized into propagating cases and
non—propagating cases in this study by applying objective criteria based on previous
studies. As a result, the average duration of each event is approximately 10 days,
and each event tends to propagate through 3 successive phases on average,
maintaining its amplitude greater than unity. Also BSISO2 has the most propagating
events in June, which could be related to the development of EASM rainfall.
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27t At ot ofdrh A EF 9 20°Net &I} tfehil=S ZE3E FH=
Aol YA FEYFY] A HHS 9] HBF-UE (Pacific-Japan) HH T}
AR 9] HES-LE o] Yeite AF BEAEBYE A9 diRdEel
AAFol wet 1719 5ol oA HaL ofo] Higt EASHIREoR 1 BR
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O

o 9113 FotAlor Mo A7 3 B Hek,

Nitta (1976)0] W2 AQ ) Azt FEOlA HEsHe AdEE GREsol
HHe-A2 s Wgst Aol Yk AE Aol9] thFEse] ot Hud st
o H7] e FEA Ha 28 w50 Fe FE 90| By 550

ool

S u]x]A Ett (Ding and Wang, 2007).
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3.2.4 BSISO & ZEO| 2 7] =8t

Nitta (1976)= tiF&so] o3t 244 v ¥ tiF d4do] dojues dx
(longtitude)oll 9J&3tc}tar ¥131 Hf ok Ding and Wang (2005)% AX]41%(Q1 <
A% i8S ok £4 ATdi7t ok 46k olEet AYPATLE v
o7 B A3oA+= Figure 103} Figure 11914 ®Ol BSISO F+ 27 55 AL
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3.3 BSISO ARIQ] 7|55 5]

A7 &orrlor oEd Ao S F= BSISO F REo] F7HARI E49
o8] olHgtt} o]¥l AojA BSISO A|4=2 HlElo 2 1981-2010819] 59EE 9
ol SFst= 717t et ARSI 74 2AE EYE & & SlE BSISO A9
EAof sl 7l&starAt gt

3.3.1 BSISO X|+=E HEC= ot 7|25 EY
(a) BSISO1 (b) BSISO2
50 50 -
40 [ i 40 [
i T i
T T . A A S T T
30 ! . Lo 3o | 0 T
Coo I T } I T | i r [ I : I ! [ : [
| ] ! | I I I | | I I I
r | : | } ! | ! ! C I ! | | I i ! !
| | ! ! | | I |
2.0 — ! ! : i ! ! | 20 — | ‘ | } } i }
1.0_—55 H B 1.0—EB BH
S : ; | o S : o o
00 L 1 ! 1 1 il 1 o 1 oo L 1 4 N 1 1 1
1.0 I R N S B B B 1.0 Eoo
Pl P2 P3 P4 P5 P6 P7 P8 Pl P2 P3 P4 P5 P6 P7 P8

Figure 16 1981HKE| 2010E7K| HHOIMEFE 9FSCF BSISO Kl 2 214 Z(amplitude)2l &
AXIE LEHH MR- T2, (HOIMRE) 2L, &9 15HNE, S7H5 ot 15MME, ZAZS LIEMH
Ot 52 F2 2 49 X 229 Brus '—fEfL.:.“.

Figure 162 47|17t <t BSISO1, BSISO2 A9 Z+ ¢4+ ¥ A= (amplitude)2]
ARE Herd Z1go|t} BSISO AH E4 £42 fIs oA oA 3= 4 &4
Ha ARESHL o F fltt 71 o= 1.55 ARESIE=H, Figure 169] 23] =
7+ A=9] 91 vt A 3.00] e A9k WAk AHIVE Sl Ae &
P 5= Stk 32 7o) ¥ oF 1.2 Fkolil BSISO19] Hl3] BSISO29] ¢4} E
Btk ®sAdol 24| ¥tk BSISO19] A% #1479 B+t e oF 1.68% 71
g 82 A 4.49] HBEE 71553

o of

1°]

FE

o, ot

Ll
-

=



3 ore | 23

BSISO1
180 -1ao- - 180 A E 180 -
150 1 L 150 - 150 A - 150 L
120 ml E 120 L 120 120 s
90 1 L 90 - 90 - R .
50 1 L 60 L 60 L 60 L
30 - L 30 - 30 A L 30 L
o - E oo o 1A o 2
0 1 2 3 45 ¢ 12 3 45 012 3 45 012 3 4
180 1 -1ao- - 180 E 180 -
150 1 L 150 - 150 A - 150 -
120 E 120 L 120 - L 120 - L
90 - L 90 L 90 - R L
60 - L 60 L 60 - L 60 -
30 - L 30 - 30 1 - 30 L
o B Lo N o 2
0 1 2 3 45 01 2 3 45 012 3 45 01 2 3 4 5
Figure 17 14 304 0423 BSISO1 K= L 37| 9 2 B
BSISO2
1804 -180- -180- -180- -
150 L 150 1 L 150 - L 150 .
120 L 120 L 120 L 120 - .
90 - L 90 1 L 90 - L 90 .
60 - L 60 1 L 60 - L 60 :
30 A L 30 L 30 L 30 :
0 4= Lo - E - 04 s
0 1 2 3 45 012 3 45 01 2 3 4 0 1 2 3 4 5
1804 [ -180- . -1ao- -180- -
150 - L 150 1 L 150 - L 150 :
120 L 120 L 120 L 120 - .
90 - L 90 1 L 90 - L 90 -
60 L 60 1 - 60 1 L 60 .
30 A L 30 1 L 30 1 L 30 .
o -8 0 = F o L 04 s
0 1 2 3 4 01 2 3 45 01 2 3 45 01 2 3 45
Figure 18 14 304 0423 BSISO2 K= L 37| 9 2 B

Figure 17-182 4 7|7} &<t (1981-2010¥ 5¥%E 99) BSISO A& =9

olHd
27T

S| AEIWS LEhiT

HH = AYskaL diFE 1.0 o 1.5 me] +

0] 71 2 WSS Uehdth. o] A9 F WAR b 2 WNESES ekl 72



| GISE AR 1S9 7Ies B9 24 3 SOI0F iE 242 O] =280 DRz geiof et 2

2 0.5 oM 1.0 vkl ko2 BSISO7F HI&/d AJEi]l Aol st A
Figure 16914 BSSIO1 #14 79| Bato] oh& el vl 2 ¢ EA=t, Figure
179] S|~ ME g fEol Bls] 7“]/\94 Br7t 1.5018 73] ARI=
7b HRisHA dojdg &Rl & Sltt. ol i o5 Aeig g 2Ed s
O 5850] dstA sk Ad eo] Q= Aog FAEL S, 3.29F 3.3
oAl FR5pA A BSISO1S) 4 49] A%, MIZH 09 0,501 1,072
WA MES PP RS A0R Ui

BSISO1

50 - 50 50 50
40 - 40 - 40 - 40 -
30 |

80 |- 80 |

20 |-

0.0 |-

50 - 50 - 50 50

a0 | 40 Y= wf
T
|
T |
| |
$ 1
1 L
M J

Figure 19 Figure 161} HIRGHE BSISO12| 2F ket & 2 SAHIX|. 2F 20| T2t At DR & 0i5(6E-9
20l CHE Zre LIEf,

8.0 |-

|
|

20 I

it
It

00 -

T
|
1

N
£ o n £
T T
S

+
M

Figure 19-202 S4¥¢ o534 °1L Al710] BSISO9] &5o] &ddt 2] Yotk7]
sl BSISO A5=9] 1ol whe zF 4 SAAE Hehdn o532 2+ ¢ BSISOY
e E Aol Wbt EXRIT E9 SIsoH A 49] 739 (Figure 19), 9€
A=o] Wagho] St gt BSISO29] Y4 69] A9, 6¥o] I H=rt FE
AA 7kt o] Al7le 559 Holf, &S] Hiolg, 18l Sjuete] Al
7F A== Al71017] % St



3. SFUE

BSISO2

50 - 50 - 50 - 50 -
40 - 40 - 40 - 40 -
30 -

20 -

00 -

S
“t A
i

50 - 50 50 50
40 |- 40 |- 40 - 40 -

30 |- 80 |-

T

|
20 !
10 $

1

00 |~

20 |-

g

00 |-
1

P5

Figure 20

)
«Q
[
@
©
1o
o
T
ol
©
o
92}
w
Q
N
=2
=
ror
do
0%
U
o
%
(l@
>

A Z7HA] BSISO Al=9] Z=g Higoz gt 5A7|55H2Ql
At BSISO A<= BSISO1, 29| =9} oA wid wide] 1 HEE Adgst
ol ¢ FHE Bolo] BF 49 diFETY XA BE g
Figure 21-22% BSSIO1(2)9] Z%7}F 1.0 oAl & o|% oF 3
AJo] WAYS 3hgo] 2§ HolFa it} & o] BSISO19] 94 19 73
T7F 1.0 oM 7153 9EREH oF 497k 1.0 ol AR 4 19 dHE
FAZ FEo] 7MY AN o] HEY AH (FE7t 1.0 PI¥hE EoHAY 94
28 Aol o] o|Ht} AXA Hr}l. 1 T2 10Yo] AA o A5] H|EA At
9] Fgo] 7 AT A 308 Hojd FEX TUISH Hrh old o=
Figure 213} 225 53 BSISO1¥} BSISO27F ofd $JAke] o] BAHS AXE=AE
gt 4= St} sRA|RE 22 7|7te] s Wheeler and Hendon (2004) ©fl <Jsf 3
olFl AAZF tpHF vj=-ZE]9t A%E A4 (Real-time Multivariate MJO index:
RMM index)E V& O =2 3t Figure 239 AYE vl w, BSISO A|&of 93
49 BSISOE &43Hd & fAIske 7I7to] Bl the o= Holx: o
&:4Jo] "olAct, o]t AR BSISO200A e FE#AEd ol= BSISO27}
BSISO1°] HIs} &2 F7144& 27] Wiz o= wetech

|
ox,
=2
Hu)
%
N
i}e

ol
ol

)
giis
H
mlﬂl
jo
)U
st
1
¥ rr
__(TL‘

(@]
e
=
i
Y
i)
H
ot
40

o
o



| GISE AR 1S9 7Ies B9 24 3 SOI0F iE 242 O] =280 DRz geiof et 2

BSISO1
' 80

2 80 ' '
£
560 - 60 1
§ 40 1 40
£20 {7 S - 20 1 —
= [ = =
o 0 . 0 E T T T - T T
- 5 10 15 20 2.5 30 55 5 110 1.5 2.0 2.5 30
560 1 - 60 1
§ 40 40
£ 20 L 20 :
o 0 = T T T T T o E T T T T
80 5 1.0 1.5 2.0 2.5 30 80 5 1.0 1.5 2|0 2.5 30
860 - L 60 1
£ 40 L 40 >¢
§2O Vv 7 - 20 = —
&0 - == I e ——
5 10 15 20 2.5 30 0 5 1.0 1.5 2.0 2.5 30
g 80 El 8 7 - Eé
g 60 - - 60 \ P4
540 - b 40 - =it
£ 20 - L 20 é :
ﬁ 0 |/’ T LEN B T ‘I T o T T T T T

5 10 15 20 25 30 5 10 15 20 25 30

Figure 21 BSISO1 2} 2idQl Z=7t 1.0 0[dQl & 01 Tt 2RdT0| &5, 712 I (day), M2=
HEE (%). SM M2 BSISO X8| Z=7t 1.0 0211 Z0i| sHF5HH BSISOQ| Higk(inactive) HEHE
olojeitt.



3. SFUE

BSISO2
g 80 == : 80 —
£
860 - L 60 - -
5 40 \ L 40 s
£20 '\, L 20 - -
E o B ?m : : : | 0 _W
5 10 15 20 25 30 5 10 15 20 25 30
g 80 oL 80
<
2 60 - E 60 :
§40 ; - 40 i
£ 20 1 E 20 - :
g _M -~
£ 0 - — 0 e
g 5 101520 25 30 5 10 15 20 25 30
360 - L 60 :
§ 40 E 40 \ :
£ 20 1 F 20 1 -
E g e 0 K
5 10 15 20 25 3 5 10 15 20 25 30
£ 60 A L 60 - noF
fo | w0
220 - L 20 ; -
2
e 0 0 = T T T T T T

Figure 22

5 10 15 20 25 30

Figure 213} HIZSGHX[2E BSISO20] 25t Znt

5 10 15 20 25 30



| GISE AR 1S9 7Ies B9 24 3 SOI0F iE 242 O] =280 DRz geiof et 2

MJO
80

8 60 1 F 60 1
§40 9 \ 40 -
£20 4/ N\ L 20 | -
£ 0 ——— 0 [ Em————

g 5 101520 25 30 5 10 15 20 25 30
%60 1 L 60 1
£ 40 - L 40 |
£20 - E 20 1
E o = _‘;, T T : 0 . T ——dl' T T T

g0 5 101520 2 30 5 10 15 20 25 30
£ 60 - - 60 1 :
§ 40 L 40 :
£ 20 /\> F 20 4 :
3 = [ ]
£ 0 e — 0 e

g0 5 101520 25 30 5 10 15 20 25 30
£ "R
2 60 - - 60 1 o f
§ 40 1 - 40 - < =R
£20 - ; : ;\ bo20 : ~ :
z o 0

5 10 15 20 25 30 5 10 15 20 25 30

Figure 23 Figure 212t QAfotLt MAI7E CHHE O1E-Z2|Qt T X1 (Real-time Multivariate MJO
index: RMM index)E HIEtOZ ot Zn}



3 ore | 29

4 6 3 9 3 2 0 | 10 15-19

z 54 4 11| 6 | 7 | 2|3 | 14|12
8 10-14
o 4410 | 4| 5|2 12| 5 i
s 11| 6|8 4 14 7 5
9 8 |8 13| 6 |||
2 0-4
7 11, 2|7 /|6 |14 2|
1 T I T I I

1 2 38 4 5 6 7 8
BSSIO1

Figure 24 BSISO12t BSISO22| SA| 24 Bl 2F =2 ofid 2E0| fiyS LEtH

Figure 24+= BSISO13} BSISO27F At 307 SAlof A8 Eo] Sl4=et 1 o
o] Z+ mE9] YRS YehE ot} 1 Ay} BSISO19 94t 33 BSIS029] ¢
A} 2, 2831 BSISO19] 14 73+ BSISO29] 914 80] 42 2432 7H w2 3l
A TASEA=T, o] WY Figure 13 29 AFFutEAl ofle ] 4442 L
S BSISO19] 914 33 BSISO29] 91 2 Al7lell 38402 Iegf 5&o A3t
tiFgEo] YIRSkl BSISO1 3 73 BSISO29| 9389 4] B¢ Hurzql
3% Hjgo] H|sith. SEA|RE o] Al7] Fopalop X Hut T SO AJRFEAL ofY
2] Bx= Aolgh v ol o] RS o siAo] ZHs] FoE 7|&oof

s Aow Holg

3.3.2 OI5580 [ BSISO Al =

Straub (2013), Stachnik et al (2015)2 RMM A& vigto g2 wj&=-Z2Qt Z



| GISE AR 1S9 7Ies B9 24 3 SOI0F iE 242 O] =280 DRz geiof et 2

T AHEIE o] 1 A A 5ol A3 AFE JFSkATE Kim et al (2014)
T wE-EEQt AF9] olFEA uet AHE st 9 #EE HAUSS
g5t} st

UM A& AWE H|Fo] E o, BSISOE WlE-E ot A5 H|F] 3 Alo]Z
o] Zo|7t ot AZol| ojzfgo] wWErt & dFo|A= BSISO AFE HEoR
BSISO A& ©|-&5t= (propagating) AHll, A= 0] Q1= (non-propagating) A
H 2 FESo] FF Ao &8st A; dtrh. WA BSISO1# 271 2= 1.5 o4&
Ak Bt 717t0] A47F 69, 5UQ1 A& ARISk] BSISO1(2)°] F& 1.5 o2

A% 6(5)LEY FASHE AlolAg FHOE 74 ARllES At 24 AR A%
2 6 oHol Fx=rt 1.5 ol Rk g ARl Zdokitt. o BSISOS ©]

5 A4S 1] Asto] 940l 1-2-3-4-5-6-7-8-19] £ Wshs A9
& A Aol mRAT Figure 259 262 ol2d 712g Hasto] A¥s) W
ol F3H Ao FAE ol AF(Q.22)S ekl Zoltk. o] F3t BSISO1Y]
A% 57709 ol A, 23709 A=l Y AL BSISO29 A4S 53719
ol A, 16719] ARl Y A7 A=

(@) Propagating BSISO1 (b) Non-propagating BSISO1
Phase 7 I(Bay of Ber?gal & SCS|) Phase 6 Phase 7 I(Bay of Berrgal & SCS|) Phase 6

° 5

3 3

o o

z z

i E

: ©

w0

g §

o o

¥ eseyd (swmuep B BIpU)) G eseyd
¥ eseyqd (ewilep ? eipu)) § esByd

%) P <)
hif i |
c T = I
% I 2 :
[ o I
= | < |
o | o |
4 T ———T 77—
-4 -2 0 2 4 -4 2 0 2 4
Phase 2 (IO & EA) Phase 3 Phase 2 (IO & EA) Phase 3

Figure 25 BSISO12| (&) OIS3H= ARl (o) SIHIGHS A2l 914 1014 AKIGls AfZll= Z2M, 914 2t
FEM, SR 32 M, O 4= EEM|, O B ofsM|, Pl 62 IR, ol 7S H2M, oY 82
MO BBIALY



3. gig | 31

ZF AHH 9] A&7 7v) 3 AlEY EdEo] 9 9Ato] A4t ol Table 19]

Helsol et
BSISO1, 2 77+

~—
D
~—

olE

Sl A HAEo]
7 °F Al M9} 9V ol

Propagating BSISO2
Phase 7 (N.EA) Phase 6 (S.EA)

Phase 8 (WN Pacific)
2 i "

Phase 1 (10)
ahi

4

¥ aseud (ebuag jo Aeg) g eseyd

——
-4

Phase 2 (Philippine Sea) Phase 3 (India & SCS)

e AmTt B A&7l Ax
AR Aos ek,

(b) Non-propagating BSISO2
Phase 7 (N.EA) Phass 6 (S. EA)

g —— ;

s 1 \ s

n- 4 \\ | //

z ] ~ | -

£.] ¢ ‘

o ]

[

@

T

(=]
L | - L

Phase 1 (10)
N

¥ 9seud (Bbusg jo Aeg) g eseyd

41—
-4 -
Phase 2 (Philippine Sea) Phase 3 (India & SCS})

Figure 26 Figure 252t SofLt BSISO20] aiidoh= 132,
Table 1 BSISO1, BSISO2 Al Tt K& 7|17t 3 AT ZE0 U= A Il
BSISO1 BSISO2
Propagating Non—Propagating Propagating Non—Propagating
) 23 (53) (16)
Duration (days) 11.40351 8.043478 10.36538 8
Number of phases 2.631579 1 3.134615 1

BSISO19] 7% o]&dl=
A% 24 5371
B A Ao

9]

olefst 7 mE]
A 7k0] TR o) B

ool

AA 57719 At &
A &
3% BSISO1L 23709] Ak &
H, BSISO29] A% 16719] A Al Ayl o]ido] 5Yof YAYst=
ol 5/} FoAof ofFHo| WAYst= Al

ul o

To - 1_?_7} ]

143]7} 62

o]&

R

A

= A

o
=

15317} 5o "AYsk=t], BSISO2
Ao Yepytt.
6371 9ol FAF= ] U=
AOoE et
A AZE 2 714

s
il

Ol

Aoz MztsiTh



32 | Oi2H A DOl 7135 £ BA I SO0} 01 20t T | S0l DIXIs ZE0| 23t o

BSISO1 (propagating) (57 events) BSISO2 (propagating) (53 events)

9 I 9 I
8 8 I
B e ———————— 7 I
6 I 6 |
5 | 5 I
0 3 6 9 12 15 0 3 6 9 12 15
BSISO1 (non-propagating) (23 events) BSISO2 (non-propagating) (16 events)
9 I L
8 I 8 H
7 7 .
6 I 6 I
5 I .|
0 6 9 12 15 0 3 6 9 12 15
Figure 27 2 A9 H-0EEO EE WY s

3.4 Ziniet BSISOLIe| M

k= SotAlot £ AAHIS 583 B Fof shutoln o] A7 FJFHo=
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7F 7P =% ol Y figure 59] APHRODITE 45 FoFAloF dFol tisf
B3l ke vlEro @ 71238k BSISO1 914t 4, BSISO2 94 6ollA 3 A &1t
deltt. olRt 1Y Alol= HA FHY AoloflAf (Fotrloret k) v

K1

Ad gRe= 1 AYE o= ‘QHFE—J AT S5 A At AlErdo] o
o= Estal A AlArdol dish B2 FTCE QIS 2= Bk AR £

AxogRE 7Qlshe Zo® Holth Ty et FEo] BSISO WA A9 A
ol 7 ool §1dell BA AFshe AT Bl A3t Lol FF 64 APCCIA
AF== BSISO2] o% A3} 9)4Jo] BSISO19] H¢- 4 T 5, BSISO29] 4% 6 &
72 UEE 45 At AR Sl AT = e AlE A



| CISE AEY s

of 7jatx

= SOAOF O

S 249t Op| A8 Dk

Feiof et 2

Table 2 1981-2016 H0OF A|ZS2t ofie Lo BSISO Yot oy, o=z BAGH o= BSISO1

of oA 20 nuoln Ko A[xfolo] Slxlet of =MO2 EAfet she BSISO29) K 69] wfelil F0

NS0] Qe 4 LI, 31 EA'E = @bl 015 B2 Lichitt

ot BSISO1 BSISO2

g AWy zEY R 3= o1y 3= ofat
1981 62102 78 14Y 26 1.417 5 2.368 3
1982 7E7Y 7€ 292 23 0473 2 0.842 7
1983 62 192  7E 25Y 37 1.332 4 0.265 2
1984 62 158 7813 29 1.652 7 0.826 7
1985 62 21%  7¥18Y 28 2.346 5 1.386 2
1986 62 23¢ 7 26Y 34 2171 5 0.671 5
1987 731 8 8y 39 1.22 5 1.312 3
1988 62 23%  7E 7Y 35 1.806 8 1.649 6
1989 62 23y 78 20Y 37 1.131 7 0.291 3
1990 6 199 78 19¥¢ 31 2.151 5 2.013 8
1991 62 26 8d 2¢ 38 0.733 3 0.4 7
1992 7808 7€ 23Y 15 1.416 3 0.545 6
1993 68 2% 7E30¥ 39 0.701 5 0.775 7
1994 68 22 78 6Y 15 1.44 5 1.37 7
199 62 302 7€ 7Y 28 0.648 3 0.489 3
1996 62 242  7E 20Y 29 0.203 5 1.547 6
1997 62 259 7E 20Y 28 1.233 6 0.596 2
1998 6% 249 73 28Y 35 1.305 4 1.553 3
1999 62 23 7E10¥ 18 0.305 1 3.328 6
2000 62 21¢ 78 16Y 26 0.636 2 0.664 6
2001 62 2% 7E Y 30 2.169 5 0.676 8
2002 63 23Y  7E 24Y 32 1.164 4 1.79 5
2003 62 23y 7E 25y 33 1.536 3 1.712 5
2004 62 242 7E 7Y 24 2.064 7 2.644 7
2005 62 262 78 18Y 23 1.286 5 1.083 6
2006 6 219 73 20¥ 39 1.557 3 2.166 2
2007 68 1Y 7E 24Y 34 2.035 4 1.286 2
2008 62179 7E 26Y 40 1.044 6 2.224 6
2009 62 282 7E Y 24 1.642 2 1.086 7
2010 62 182 7 28Y 41 0.987 4 1.714 7
2011 62102 7€ 10¥ 31 1.106 5 2.149 6
2012 6218 7 17Y 30 1.025 6 0.787 5
2013 62 18Y 8d 2¢ 46 1.648 5 0.728 1
2014 7829 7€ 292 28 0.448 5 1.558 8
2015 63 265 7E 20Y 35 1.1816 6 2.716 6
2016 62 244 7¥ 30¥ 32 2.304 4 0.806 2
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