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Analytical and Theoretical Study for Seasonal Variation
of the Arctic Oscillation

Naomi Yokoyama

Abstract

The Arctic Oscillation (AQO) is a notable atmospheric phenomenon in the Northern
Hemisphere in winter, which is a north-south seesaw of the atmospheric mass between
the Arctic region poleward of 60°N and a surrounding zonal ring in the mid-latitude.
The AO is defined as the primary mode of the emprical orthogonal functions (EOF-1)
for the wintertime sea level pressure (SLP) anomaly in the Northern Hemisphere. It is
generally agreed that the AO is essentially a mode internal to the atmosphere. However,
the realization as to whether the AO is a physical mode of a linearized dynamical system,
or a simple statistical illusion of independent multiple teleconnections, is an open question

under active debate.

The purpose of this study is to investigate the seasonal variation of the AO by apply-
ing EOF analyses for each month. Moreover, compared with the theoretical AO mode
obtained by SVD analysis using the barotropic S—model, we investigate whether the AO

in each season is a physical mode of a dynamical system for the global atmosphere or not.

The EOF analyses are conducted for the barotropic component of the atmosphere,
500 hPa height and SLP. The AO in winter appears for every atmospheric field, negative
anomaly over the Arctic and positive anomalies over the North Atlantic and North Pacific.
The AO in summer obtained from SLP is different from that in other seasons, which shows
only positive anomaly over the Furasian Continent. The AO in summer obtained by the
barotropic component is different from SV-NAM obtained by Ogi et al. (2004). In fall,
the structures derived by EOF-1 appear in synoptic-scale pattern, which is not similar to
the AO in winter. The AO in summer appears to be sensitive to the analysis period and

EOF analysis area.

Next, the SVD analyses, based on the neutral mode theory, are conducted for each

season to compare with the EOF-1 for each season. It is found that the AO-like structure



appears robustly in DJF when the viscosity is parameterized by the scale-dependent
hyperdiffsion. However, in other seasons, the dynamical SVD-1 mode is different from
the observed EOF-1. Therefore, the viscosity is changed to the bi-harmonic diffusion. It
is found that the dynamical SVD-1 mode is different from the observed EOF-1.

From these results, it is found that the structure of the AO in summer is not an annular
pattern due to the influence of baroclinic component. Moreover, in reference to the result
of the nonlinear simulation of the AO using the same barotropic model, it is concluded
that the AO in winter is a physical mode of a dynamical system for the global atmosphere,

however, the AO in summer is a not physical mode.

Key Words: Arctic Oscillation, seasonal variation, EOF analysis, SVD analysis, phy-

isical mode, barotropic component, hyperdiffusion, biharmonic diffusion
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— = 70 <—= 0 o =
dr

A ane

DDD,PfliB::ﬂDDDDDDDDD 0

ajeMt
aye?t
x = Pd=(vivy - vy,)

a,e’?

At

= @™ 4 a2t + -+ a, v,
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goo.
000 AOD0O0OO0 M=+ 000000,00(0000000)00x000000
ooboobobo.yb=0000000000000004,

A>0 00 (@0Oo0)
N=0 : 00
N<0 2 00 (O00)

Oo000oO0oO0.v#0000,0000000D000O00DOOO.

Re()\)>0 : 0O0OO
Re(\)=0 : OO (51)
Re(M)<0 : 0000

b#0000,0000000000O00DOO0ODO,0DD0DOODODOUODODOODOO
U,z000000.
bbbt w,000oobboboa,gbbbuoooobobog.

gobooo

gbooooogn

dz _ Az+ f
dr

0000000000000,00000000000000000000000000
ooo,

Ccii—gL/:A:c’qu’D — 0 Ad = —f
-

ooo.
0000,0000000000000000000000000,00 A00000
0A=UxV'00.¥x00000(0<0,<0,<---)0000000000000,
U=(wmuy--),V=(vvy,---)00,000000000 w, 0000000000
nooo.

000 AO0O0O0OO0OOOOOO,

B e e ) (uwi, f)
d = —AYf =—(vuh)f = E;vz P

= D )t 2y f) o ()
01 g9 Onp
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Oo0oooo0ooOo.oo0ooo, fO00000OO00ODODO0O0DOO,000DOD00 000
gooooboboobobodb woobobooboboobooob.obb,n000n
oooooOooOoOoOoOoOoUog,fOo0CCODOO0OO0, 0000000 vyOoOOoooo
gboggbogbo.oobo,booboboobbuoob,obbuoobboobood
gobobouooooobobbooooobb.bouog,gonbobouooon
gbooboogoooo.

gobobodgo

Watanabe and Jin (2004) 0000, 0000000000000000,000000
AODODOODOODOODOODODOODODODOODODODOO.bOO0obO0obDOobDOobOoDb,00
gbboodgbboodobbbuooobbuooobbooob,obbooobbodao
g.0bbbouooooobbobbooooobbbbo.oooobbobbbooooon
gobobouooooobobob,gooobobbobouooooobboobobooo. oo
gbbogobobooobobbuooobbuoogbboo,bgoooboooooobooao
goboboooon.

3.4 000O0OOCO (EOF)OO

AO0DO0O0O0O0O0O0O0D00O0O00(SLP)0000O00O0O0 (EOF)00(0O0000)
00000000000000O0oon.

0000000000 (00,EOF00)0,00000000000000000000
000000000000 000000000000000000000,000000
000000000000000000000.
000000000000000 pO000000000 21,40, ,2,(p>2)0, 000
000200000 @y, 300, 2pp(A=1,2,--- ,N)OODOOO0000.0000 NO
00000000,0000,0000000000000000000000000C
00000000,00000000000000,,000000000000000
00,000

z2=hry+lbry+ -+ 1z, (52)
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0000, 4L,b,---,,00000,

p
=1 (53)
=1

000000, 000000000000 :000000000.00000000
L;(i=1,2,---,p)0000,

21 = bz + lgxg + - - - + lipwy (54)

ooo.
000000000 :0000,0 (4000000000000 2000000.0
0,000000000.0000000ly(i=1,2,---,p)0000 20,

2o = lo1x1 + ooy + -+ - + lopx, (55)

gbboogodgbb.odbbbdoddmUib z,000000000000000000
gbobobuoooobobooao.bobo, e, 0,

Zm = lmlxl + lmg.’ﬂQ + -+ lmpl'p (56)

ogobo.oo0ooooo,
V4
iAot 40,=> =1 (57)
k=1

gobob,g0boobob,o0bbbooogbbobagd.

() DoooO0O 000000000

() 0i00000, ;000 G+#£;)00000(000000)

gbobogobod,pxpdbboddbboodbbuooobbog.ogobboon
gobobooogo.

Ooooobooooobo Eor0ooooOoOoooobboooobobo.0oooD,00o
goboboboboduoogobb,bboduoooobbboboooobobbbboooon. o
gobobodoog,gobboboduoooobb,bbooooobbobbuoooon
oooobobobo.0oogo,0ob0obobo0ob0 EOoF0ob0oboboboooo, oo
gbboggboboooobbuogobbuooobbooobo,bbboooboboogao
obobooboboobobooboboobo.oboobobobboboobo
00,000000000VveosfODODDOOOOODDDOOOODO.

g, ggggobobbbbobbboooa,3bbbbobboboouuuooaobn
gbbogobboogbbboobbobooobobuooobbuooobobo,buoon
EOr00oooooonoonon
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4 OO00OoOOoood

4.1 00000

gbooboou,ggobobbogoggboobbooooboboboooaog, bbb
000000000 (NCEP: National Centers for Environmental Prediction)/0 0 0 0 O
0000000 (NCAR: National Center for Atmospheric Research) 00 0000000
gbb.gggbobuoooobobod.

0ooo 19500 10 — 20000 120 (monthly data)
nooo 00, 06, 12, 187
nooo u(m/s), v(m/s), Z(gpm)

00000000 2.5°% 2.5°
0O0ooooOO 1000, 925, 850, 700, 600, 500, 400, 300, 200,

150, 100, 70, 50, 30, 20, 10hPa 0 170
0000 000

goobobooboobo,bbbdugooooobbbobobbbododgooooogon
gbboggboboog,buggoboboobbooobbboooobbuooobboo
gooboboooo.gbbobbooooobobobbooooo,bbbbbooooon
obogboobbo.obooboobb,0obboobboobooboobbobobo
gbobobooodgooo.

O NCEP/NCAROO 19490 1000 5000000000000000000O00O00O0OO
goobobobobobooo,oboooobobobobobooo.gog, 197
000000000 TIROSOODODOODOO, 0000000000000 DO0ODOObOO
obobog,199000bbboodbobbooobobboobooobbooobboo
gobbo.buogogobbobobodoooobbbbouooooobbobbooa, o
gboggbogobooobooboboo.og,25°x 25°000000000,00040
ooobdb T3otbobopooobooboboooboo,0boobobobooobOobo
gobobb.ggogobobodoogo,bbbooooonobobobbouoooon
goooboooooo.

0 NCEP/NCAROOOOODOODOOODOODODODODODOOO0ODO0O0OO0OO0ODO0OO0O0O Te2,000
gbob 300, 000bbobou3buogao,bbobbuooooobbobboooo.gon
O,gbbobodboobuoobuooboobobob oo boboobooboboonbog.
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4.2 0000

Thompson and Wallace (1998) 00 SLPO EOFOOOOO, 000 10000000
00000000 AO0OD00ODOD,OD0Db00D0O0D0Os0hPa0ODOOO,0O0DO00
0000000000 bMK0hPaOODODOODOO, 0000000 EOCFOODOODODO
OO0000000.AO000D00DO0OO0DOO0ODOO0ODOO0O0ODO0ODOODOO0ODO,DO0,000
000000000000 0000,AO0D00000D00ODOODO0ODODODOO0ODbOO0OOg
O000000000,0000000000000000000O. NCEP/NCARODOO
O000000,000000D0000D0,0D0000DO00O00D0O00O00ODOO EOFOO
god.gdg,gggooooooobobbb,bbbbbboooooooooa,ga
O00000oogoboscohPa000O0DOO0OODOOODODO0O EOFOOODODO, O
guoooooooooon.
O000,00000000000, Tanaka and Matsueda (2005) 00000000000
00000 (DJF, MAM, JJA,SON)D 0000000000000 OOO0OODO.O00OO
00 Ttoh and Kimoto (1999) 0 Watanabe and Jin (2004) 000, 00000000 (AY)
00000000000000000000. 00 Tanaka and Matsueda (2005) 0 0 O,
0000000000000 bO0O0.00,00s000000000D00DOO00OOO, AO
000000000 (A>)000oooooooon.
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5 U0

5.1 EOFOO

0000000 Thompson and Wallace (1998) 00 EOF DO 0000000000
20°NO000000O0O0000O0.00 Ogietal (2004)00, EOFOO00O0O0OOOO
O0O04°PNOODO, 0000000000000 OO0DOOOODDO,AO0O0O0DOOOO
oobooobobooooooo.goobo,obooooobouoo Eoroooonog.

5.1.1 00000

10 (0400)000000000000000O,000006°NOOOOOOOO
gb.gbbggboog,ogboooboobbog,ugbobaobboobood
(30°NO O s°N)Dooooono.

020 (0400)01000000000000000OOOO,0D00000000O00O
Ol1gogboo,0boboboobobobooboboboooo.ob,bobog
gbbboogobbbuoooobboooooboo.

030 (0400)00000000O0OO0ODODOOOOCOOOO,00000000O0O0O00
001000000000 (2m)000,00000200000000000000
go.

040 (0 400)00000000 WO DOOOOO,000000000000DODOO
gbbuogdgbboodobbooobbboobobbuooobbuooobbooo. oo
O0000000C00O0O0ODOD0OD0O0O00000 (30m),D00000ODODODOOOOOOO
gobobo,gbobobboooggbbobooooboobooogon.

050 (0500)0,0000000000000000O0O00O0DOOOOOOOOOO
gobo,bbbodggoooboobiliobobbbbooooobobo.bobbooooon
gbooggbodg,oogboboobboob,obbuodgbbodobbg,bodobood
gbooooga.

060 (0500)00005000000000AO00O0O0DODD.000OOO00OOO
gboobogd,buoggobobooog,ogg,bbuoooooboooob.oon
gboboggoboooobobuooobbooobboo,bggobboooobooboo
gobobodoodan.

070 (0500)06000000000000000000.0000000000O0O
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gboboboogob,ggooboboda,obbooogbobuooooobn.

080 (0s500)00000000OLOOOULOO,DD0DODOODDODODDOODODODOOO,
oboo,0bg,obooboboboobob.bobooboboboory0obobog
gbobobooooobboodaoo.

090 (0 600)0800I0D0DDODODUOUID.0000,00000O0ODOOOOOO
gboogg,ggbobobuodgbboobobobuoobbuoobbodgbbooboon.
0100((@0600)0,00000000000000000O00O0,000000000
oboboobobboobooboboboo.ob20b00b00bO0obo0obOoobo
gobbobobouooooobbobbuooooo.bb,bbuooooobbbboooon
gobobooogbbbuoooobobuoooobobooobobbboooooon.
0110 (@0Ce00)0000,000000000O00O0O0OOOOOODOOODDOOO
gbo2000000b0bobodg,cgbobbbouooodoobobboooonn.
01200000 (0600),1000000000000000DODODOOOOODOOOO
O,000000000000D0O000O000 AODDOOO0DOOOn.

5.1.2 000000

10 (@0 700)000000000000000O0OO0O00000OOO00O00000
obooooobooooooooooo,ooooooobOb0Cb0cbOboOoOoOooooooooo
O000000000000.00000 Thompson and Wallace (1998) 00000000
ooooodooooooooo.

0200 700)01000000000000,00000000000D00000O
oooooogooo.
030(@700)00000000000O0000O0O00,00000000000000
ooooo.0ooooobobobobooooooooboboboboooon.

040 (OD700)0000,0000 10%000000,A0000000000.000
Oooooooooooooooooobo,b0bobo0dooooooco.0o0b000oo
Ooooooboobooooogo.ob,odood0ooooo3ogoooooan
ooooooo.
O050(080D0)0400000000000000,000000000000000O
ooo,ec°NOOOODODOoOooooooog.

060 (0D800)00D00O0D00OO0DO0OO0OOOOODO,NODOOOOODDOOOO
ooo0.00,0000000000000C0000000O0AO.
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O70(08UIO0)0O0O0O0OODU0U0eGEUIOOODOODOUODODO,0DDODOO0OO0OODDODOO
gobo,bbooggoobobbooooobobobboooo,gopobbbbooooon
gbbboooggbbboooobbbooad.

080 (D800 )I0IDD0C0OUUIUDDOODUUODODOUUODDOODOUUDODOOO
gobob,00obobbouogbebbbuoooobbbuooaon.

090 (0D 900)0,80 000000000 ODODOOOOOOOOO, 0000000
gobobooooobobooooboboboooobobooa.

0100 (0900)00O0O0O,00000000000O0O0O0O0OOOOODODODOOOO
gobo,buouoggobobuooooobbbboooooobob,bbbouooogn
gobobooogbob.goobboboooobbboooobobboooooboon.
0110 (0900)0dooooooooooooO,00oooooooooooooo
goboboogoobbbooobobobooon.

0120 (0900)0000,1000000 AO00O0O0DODODOOO.

5.1.3 500hPall OO

10 (0 1000)00000000000DOO0OODODOO0OOO00OD0ODODODOODODODOOOO
goboboboduoodgbo.bobboduoooobbbboooob,bbbbooooan
gobobobouood.bbobodoooobb,bbuooooobbobobooooon
OO00oOooOo,0o0obob SLpO EOF-10000000O00ODO0ODODODOOOO
a.

020 (01000)0100000000000000O0DOOODODOOOOOOOOOO
gobobobobouooodgobbobbog.ooobbbbboooogobbobbao,odn
gbobboogoobobouoooon.

030 (0 1000)000000000000000ooooO,0000000000OO.
gobbbuooooobobodgooobob,bbuoogoobobobbuo.ogn
goboboooooboboooobooboooooon.

040 (0D 1000)0000,00006%00000,A00000000.000000
gobbobuooooobboobobodg,ooobbbbouooooboboboboboao.ogon
gobobooooobbobbodg,ooobbbbouoogoooboboboooo. oo
oboooobobooobg,45°EdDo oecewioonooobooooo.gobo,0oonog
goboboooobb,ggobobbooooon.

050 (01100)0400000000000000,00000000O0O0ODOOOO
go,e0°NODOODOODOOODOOODL.00O,00b000bo00bboOobbOobbo
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gboboo.0bbggobobuoggbbuoodbbbooobbuooobboooobooo
goobooooboo.

060 (01100)0000000000O0OOOOOOO,7NOODOODODODOOOOO
gob.bobuoooggbbbouoooobbboooooobb,bbouoaogn
goboboogoobobbouoooon.

070 (0C1100)0000000C000000D0000O0O0O.4°NOOO,00000
goobodbooobobob,obbodbboobboobboosbuobboob.
080 (0 1100)0000000OODO0OOO00,00000O0DOOO0OO0OOOOOOO,
ooo,0bg,0boobbooobooboo.ob-0booboobborTonDbO
gboboboogobobbouoooon.

090 (0 1200)0000000000000OO0OO0OO00DOOOODOOOOOOOOOO
g,gobd,bogbgbo,bogbuodg,gobugbooboboobuodboonb. o
gbogobobo,bo30boobgobobo.

0100 (0D 1200)0,90000000000000000000O0O0O0OO, 000
gbbooggbbooobb.obobobuoobbuooobbuoobbbuooobbao
gbobobooooboo,gobbboogoobooooboog.

110 (0D 1200)0000,0000000000200000,0000000000
gbgbboboobooboo.oobo1wobobobooboobgooobg.
0120 (0 1200)0000,000000,000000000000O0OOOOO, O
gbobbbuoooobbobooooobbobooooobobboo.1bbobboooon
gbobobooggbobobooa.

5.1.4 0O0O0OO0OOO

OO000boOo0ooboobo0oobooooboooboooSLp,0DOO000DOO 500hPa
OO00o0oboooOoboboOo,00b0boboob0 Aooboobooboboobooboobogo
O0000O0DO00O0O00.000,0000D00SLPOODObS00KPaOOODOODOODO
OEOF-1000000000000000.
OOooooooboog,SLh,s00hPab 0000, 000000006 NODOODODOOODO,
OO00oo0obOoOoobo,000booo0booOobobD.3gobogoSsLpO0OnDO AOO
Obooboboobobgo,gbooobosoohPadb0booooboboo.ebonog
O,SLpO000000O00ODO0ODOOCOOODOOOO,OD0000D00DOO0ODO0ODODOD
OO00.00000o0o0oboooboboboboobo,obogoogbosohPaOnOn
gbobbooggbbbagd.
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O00,0000000000000bO0bD0oD0obO00DOob0ObOD EOF-100D0OD
O0obOooooooo.og,000000s00hPa0 000000, 0000000000
stpO0O0000O0O0ODODOOCO.COOO00O0O0O0O00OO0O0OOOOOO.ODODODDOO
OOoboobooboo.gb,b0o000b0obobobooooboobD.0oboOoogoD b00hPa
OO00oOooobOonD 13,14, 000 1000.00000000000O0O 500hPadO
OO0o0oooo.0obooboOo,1000s0b0b0ob EOF-1000000D00DODO
gbobogoobobuogobboogb.ebsbooooboboog,200bobood
oboboooboobooboob,booboo2rhboboobuoobobno.bo
OOoooSsSLpoOOooooOde 17,000 8OOD0.000000O00ODOOO0OSLPODO
OO0O0oOD.0O0b0Os00hPa000OD0ODOOOOO, 000000000, 000000
oooooooooooobobobobo.ooDgoebobobbO,0b0obOob SLp
goboboooobobooooboo,gobolvbbbb.7vbbboooobbooon,
sLpOO0O00O0CO0DOOO,s000SLpOOOODOOOODOOOOOODDOO.S
gb1gsuuguubbobooogobboboooobbob,sstbbobuooogn
obo.900r00boo0,bo0bboobobo.ogbos1oboobooboobbo
gobobodg,gboobo3obbuoogn.
oooooboobo,0b00oboobooobooSLpO0O0bDOODO,bDO00DOOO.
soohPad 0O ODOOOOOOOOOOLOOODOOOO,SLPODOOODOO.OODO SLPO
goboboboboduoodgob.obodao,gobbbbbooooobbboooaon
goboboooon.
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52 00000 (SvDOO)

EOFO00O000C0CO000O0C0O,000000000SVDOOOOO0OOO0O0O SO
00000000000 3000000000000000000000.000,00
000000 (DJF, MAM, JJA, SON)OO,EOF00000. 00000000 EOF-1
000000 SVDOOOOODOOO0OOOOO0OO0DO00.000,0000000000
0000000000.000000000000000000 (EVP-1)000000
(SVD-1)000000,000000000000000000,0000000000
00000000000000000000000000000000000 (0 19).0
0000,00000000000,00000000000000000000000
00.0000000000,0000000000000SVD-1000.

5.2.1 0O0O0OO0OO0OO0O EOF-1

00000000 EOF-10000000000000 (0 20).DJFOODODODO,DO
oboogbodeccNODODODDO,0DO000bO00DbO0ObLO0ODDbOODbOoODbDOn
Ooo,AO0000boooobooobo.MAMOODODOOODOODOOODOODO
oboooboooboobbo,0coobooboobooboobo,bJFOooobooobog
O000000000000000,000000 43%00000000.JJADDOOO,
DJF, MAMOOODOO AOOOOODOOO,00,0D0000D0O000O0OO0OO0DOO
OoooooOo,b000oooboooobobo0oooboo0oooboOobo.oobDJJApDboo
OO00O0O00EOF-1000000C000DOODOODbO.SONObO,00boooooon
goboboooooo,bobbdooooboboboooooobobobboooo, oo
oboboobooboobooboobooboboobo.
gobobobodoood,bbbobodoooobbbbouo,gobbbbboooodn
gooog.

5.2.2 00O

Tanaka and Matsueda (2005) 0000000 AOODOOOOOOOOO0OOOOOO
O0,0000000AO00SVDOOOOOO.DJF(O210)00000000000
00, 000000000000 AOC000O0O0O00O0OOO0.MAM((O 210)00,00
oooodoOoooooooUooooooO0O,0fooooooooooooooD 30
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opoooo,bodgob 4 NOodboboooboooo.bJFoboboobobooonooo
goooob,obboobbuoboboo.go,ggbbooobooboboonooboo
0,30°NO0OO0000000O.JJADDOOO (0220),000000000000000
O000000O,00000s5NO00DOOO000DOOO0O0.OO000MAMOOO
00000000000 .SON(O 220)00 MAMUOODODOODOOOODODOOOOO
obooboobooo,4°PNObgoooooboboooo.

ODJFO AOODODOOODOODOOODOOO0DOOoOooOoooooO,bJFOOODOOODO AO
gobbobboooodoobbbbog.gobobbboo,ooobbbbboooodn
00000000,00000000 A*000000000000000000000
OO00.b0b0oo0bo0obobooobobouoboog kpoboooobo,0Oob0bOoD
gobobooogooo.

5.2.3 0UO0OOOO

kp =4.0 x 10"°m?*s™/(2Qa¢*) 00 O

DJF(O 230)0,0000000000000000000,00000000000O
godot,odggogooobobbbbbbbbbboboboo.bb,000oobn
gob200000000,000000b000000,0000DL0bODO0O0O0O0O0O0
Oo0O000o,0000000Oo000oobo0o0b0.ogoooooooOoDbJFO AODOO
O0000000o000o0o0.MAMOOOO (0D230),000000000000000O
0000000000000, 0b0ob0oboo Aobooooooooboobo.oboo
OOoboeo°NODODOODODOOO,000000004°NO0ODOOOODOOODOOOD
gb.bbbouooogobbobooooobbboboo,oooobbbboooagn
g, gggbuogoooogobobboboobboo,bbbboddooooooobon
O000.JJA(D240)00,000000000000,0000000000000O
gobbobbooooooob.boog,gobbobboooooooboobbooooon
Oobo0o,000b00bo0obceNODOODDOOOOODOOOD.ODOOODOOOD
gobbobboduooooobbbuooooobbobo,buooooobbbo,uo000n
O0,000000000000000000.SON(0240)000oOoooooooooo
O,0bobo0bobobooboboooboboobooog,w» Nbobuoobonog
gogdd.djdddooooooooooooooooobobbbbbboboboobooon,
gboobobbobbobooboouoobooboobo.boobooboobo
O, MAMOOODOOOOOO EOF-10000000D00O0DOO0OOO0O0ODOO, JJA
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OSONOOOOD EOFOOOODOODODOOODOODOODODODO.
ODJFOO0000OO0O00bOo,0o0boboobobooobooboobooboboo, g
gbobboodoobbboodbboboooobbbuooonon.

kp = 2.0 x 10%m%s~1/(2Qa*) 0 0 O

MAM(O 250) 0 kp = 4.0 x 101m*s~1/(2Q¢*) 00 00000000000000
0000000000,00000000000000000,0000000 60°NO
00000000,000000004°NO00O00O00O0O0O0OO0OO000.000
0000000000000000000,000000000000000, 000
000000000000000000,00000000000000000000.
JJA(D 250)0 MAMOOOOOOOOOO0O0O00O0O000000000,0000
00000000000000.SON(020)000000000000000000,
kp = 4.0 x 10%m’s~1/(2Q¢) 0 60°NO OO0 0000000000000 O00000
45°NO000O0O0O0000.

kp = 1.0 x 10%m%s~1/(2Qa*) 0 0 O

MAM(O 26 0) 0 kp = 2.0 x 10%m*s~1/(2Q¢*) 0000 0000000000000
D000.JJAD 270)000000.SON(D 270)0 kp = 2.0 x 10%m*s~!/(2Qa*) O
0000000000000, 0000000,000000000000000000
000000000000000000000.000000000000000000
000000000000000.

kp = 1.0 x 10¥m*s™!/(2Qa*) 00 O

MAM(O 280)00,0000000000000,000000000000000
o000, 00b0000b00ob00ob0o0o0oooboooobOobOooUobOUO0d.kp=10x
10%mis™1/(2Q¢) 0000000000000, 0030000000000. JJA(O 28
0)0,0000000000000000,00000000000ODODOOOOODOO
0000000000.0000000000000000000000O. SON(O 290)
gbobogbobo,gbbuoogbbuoodbboobobbuooobbuooobbood

26



gbobogdgob.gbobbugobbuoodbboobbbooobbuoooboboo
00.kp=10x10%m's"1/(2Q¢) ) 000000000, 00000000000000
gbobboogabbbadad.

kp =5.0 x 10"m?*s™/(2Qa¢*) 00 O

JJADODODDOOUOODOODO0OO0OOO (0D 290). 0000000000000 0O,000
gbo,bbbuogodgobbobouooooobbb,bbouoooobbobbooooon
g.0ooggooboogogoon.

0000000000000, DJFO000000O0000ODNO000D AOODODOOO
000,0000000000000A0000000000.MAMOOOOOOOO
0000,00000 kp = 4.0 x 10%m%s!/(20¢") 000000, 00000000
0EOF-1000000000000000000000.000,JJA0SONOOOO
0000000000000000000000000000000, 0000000
kp=1.0x10%m%s1/(2Q¢*) 00000000000000000 EOF-1000000
000000000000000000000.

27



6 UU

6.1 AO0O0OO0ODOOOOO

AoOODbO0ODbOooOooOooooboobOobOoboobooboboob.10bob4b0DbOD
g,0obbdogoogobobod,ggobobobboooooooboobobooooon
OAOQ0O00DOOO0DOOO0.000b0O000DOo00oDbO0OoDbObO0 AOooDobooo
gogoobbbob.bb,obbbbbbbbbbbouoddoooooooooobboe
oboog8uooobo,gb3gb4b00bobobooo.ob,9gbo1nnooboog
Oobo0oob0ooboooooboob0oooobooobooboobo.oboOoDoo, Ogi
etal. (2004) 0000000000000 0ODOOOOOOOOOOO.O0OO0ODODOO,O
gboboobobooboboobobo,oobobboobobooboboobo
go.

6.2 UO0O0OOOSLPOOOSB00KPaOOODDOOODOO
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