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Abstract

Continuous gravity observation is one of the most powerful methods for detecting magma
transport associated with volcanism; since a gravity value is expressed as the integration of mass
distributions around the gravity station, the redistribution of magma mass leads to the time
variation of the gravity value. Gravity changes associated with non-volcanic mass redistributions
needs to be corrected, in order to precisely understand the magma transport process from the
gravity data. Although gravity changes originating from earth tides and atmospheric pressure
change can be corrected effectively, gravity disturbances coming from groundwater flow, or
groundwater disturbances, have not been corrected adequately, because little has been known
on the mechanism of the disturbances for a long time.

Geodesists have corrected the groundwater disturbances with the following two methods. One
method is to eliminate the disturbances empirically with the regression to the observed gravity
data. Although this method may correct the disturbances easily without the knowledge of the
hydrological physics, it can even eliminate the volcanic gravity signal with the overestimation
of the groundwater disturbance. Another correction method is to estimate the groundwater
disturbances with the integration of the known groundwater distributions (such as hydrologi-
cal observation data and global land water models). Although this method can estimate the
disturbances easily with numerical integrations, it may not precisely reproduce the observed
disturbance because of the difference of the hydrological scale between the known groundwa-
ter distributions and the areal groundwater flows. Moreover, the critical problem of these two
methods is the lack of the theoretical modeling of groundwater flows. In order to adequately
correct the groundwater disturbances in the observed gravity data, groundwater flows need to
be modeled with hydrological and quantitative manners.

We thus modeled spatiotemporal groundwater distributions and the consequent groundwater

disturbance with the hydrological physics as follows. [1] We made Fortran programs of finite



Abstract

difference equations, which were transformed from nonlinear diffusion equations of groundwater
flows. [2] We conducted soil tests for sampled soil to estimate soil parameters. [3] We made
a homogeneous groundwater structure in a computer with soil parameters from soil tests and
a basement structure from electromagnetic explorations. [4] We put the observed rainfall onto
the ground surface of the groundwater structure, and solved for spatiotemporal groundwater
distributions with the finite difference programs. [5] We estimated the time variation of the
groundwater disturbance by integrating the groundwater distributions for each time.

This hydrological modeling method was then applied to Isawa fan (Iwate prefecture in the
northern Japan) and Asama volcano (Nagano and Gumma prefectures in the central Japan),
to verify how effectively this method can model both the groundwater distributions and the
gravity disturbances. In the first application to Isawa fan, the estimated groundwater distur-
bance agreed with the observed soil moisture data within the observation error range, and the
gravity disturbance reproduced the observed gravity change within 1 pgal accuracy. These re-
sults showed that the use of adequately representative soil parameters is essential to accurately
estimate the groundwater distributions and the consequent gravity disturbance. In the second
application to Asama volcano, the estimated steady state of the groundwater distributions was
consistent with the areal water distributions in the volcano, and the estimated time variation of
soil moisture on the ground agreed with the observed moisture within the error range. However,
the estimated gravity disturbance did not fully reproduce the observed gravity decrease after
heavy rainfalls, because of the assumption of the homogeneous groundwater structure in our
modeling. We then calculated the correction term of the groundwater disturbance associated
with the heterogeneous groundwater structure (sloping impermeable layer below the gravity
site), and found that the sum of the estimated gravity disturbance and the calculated correction
term reproduced the observed gravity change with 3 ugal accuracy.

We thus concluded that our hydrological modeling can effectively reproduce the groundwater
disturbance enough to correct the gravity data. We then applied the groundwater disturbance
correction for the observed gravity data at Asama and Sakurajima volcanoes in volcanically
active periods; i.e., we subtracted the estimated disturbance value from the observed gravity

data to derive the gravity change associated with volcanism. The corrected gravity, having

v
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amplitudes of 5 ugal (for Asama volcano) or 10 ugal (for Sakurajima volcano), was shown to
decrease during eruptive stages and decrease during quiet intervals. Moreover, the magma head
changes in volcanic vents, which were converted from the corrected gravity change, were found
to rise during eruptions and decline during quiet intervals, and were found to be consistent with
the time variation of the various volcanic data (such as earthquake frequency, emission rate of
volcanic gas, fallen amount of volcanic ash, and ground tilt).

We thus corrected the groundwater disturbances to the observed gravity data with the hydro-
logical modeling, and reproduced the magma transport process in the volcanic vents, regardless
of the existence of the groundwater disturbances in the raw gravity data. By considering more
complicated water movements (such as precipitation-snow-groundwater interactions and hetero-
geneous groundwater structures), we will be able to directly monitor the magma transport in
volcanoes to predict the future volcanic activities, through the real-time corrections of hydro-

logical disturbances for observed gravity data.
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00000000000D,=D,(A)0000000000000 (00 [m?/s)0000

_ Ku(9)

ooooooOdkK,0CcOo0O0O p,000000DOOOOODOAOUOODOODOOODOOO

(2.20)

00000000 (eg., Gardner and Mayhugh, 1958)000 (2.19) 000000 K,00000
D, 00000000¢00000000000000000000000000
0000000000000000000000000000AO0O00000 (214)0000
00000000000000000 9000000 (219)0000000000000000
0D000000000000000000000000000000000 A(z,y,t)00000

000 é(z,y,2,t) 0000000000 OOOO0OOOOO
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g20000000000b000b0 23000000000

23 0OOO0oooon

23.1 00000000

oD oD OO
ggooooooboboboobobbbbotbddddoodoooul2doooooobn
000000000000 000000000000D ()ooo(2)oooooooooo)
00000000000 0000000000000 0OODOO0D0D0OOODU0OODOOOOD
gooooboboobooodoooooooobobobboooooooooooooooo

()OOOOoODoOO0OUoOoOUoUODOOUOoOOODOoDOoOOOoOO (e.g., Sato et al., 2006)0
oo obbobbobbboboobbbbbbobbbobbbbbo
O0000000000000000000 (eg.,00000,2003)000000000O0O0OOO
00000000000 ooooooooooboobobobobobobobbbbbn
oo bobobobobbobobobooboboobobobobobooboboboobooon
obooooooooooooooboobgono

(2000000000000 0O0O000O0O0DUOODO0O0DU0OOOOODOOOOOOOOD
ooooboooboooooooobobob 100k 0 1m0 000000DOO0OO0ODOOOO
00000 0.002 pgal/mm O 00O (Figure 1 in Llubes et al., 2004) 0000000000000
00000 (~0.05pgal/mm) 000000000000 O0OOOOOOOOOOOOOOOO
00 (Figure 16 in Heki, 2004) 0000 10 mmO0 0000000000000 O0O0OOOOOOO
gobobobobobobobobobobOobobOobOobOobOobOobOoDbOoDbOoD

(3) 0000000000000 00DO0O0UCOO0O0DU00ODO0DU0DODO0DUODOOOOOO
gbooboboboobooobooooboobobobooooboboboboboboobobon
00000000000000000000000000O0O0O00 (0000, 1974)000000
gbobobobooboobooboboboboboobooboobobobobooobobon
00000 (00000oo0O0,00)000o0oooooo 7.4X105m3/yearDDDDDDDDD
0(012x108m3/year; 000 0OD0)0 1% 00000000000000000000O00O0
godooobbobobobbddoooooooboboobobooooouooa

(4000000000000 0OO00O0CODO0OCODOO0OOOO0OO0ODOOOOCODOOOOOD

gboobobooobboboooboboooboboboobobooobobooobbbooooboo

12



g20000000000b000b0 23000000000

gbobobobobooboooooboboboboobooboobobobobooobobon
0000000000000 000000O00000O0OO0DUDUoOoODODOooDOoOooOoOO (eg.,
Munekane et al., 2004; OO0 00,2008, 0000,2009)000000000000000000
goooooooooooooooooooogooo

0000000000 4000000000000000000000000000DO (~20
pga) 0000000000000 0O00O0O0O0OO0O00UOOUUOODODOODUDODDOOOODODOO
gboobobooboooooboobobobobooboboboboobbobobobobon

ugboog, 0000000

232 0J00OO0OOOOOOODOOOO

00000 P(x,y,2) 00000000000 dzr dydz0000000A0O0OOOODODOO
oooooobogdMO

dM = py 0 dx dy dz (2.21)

00000000p,00000 (=1.0x103 [kg/m3)0000000000 dM OO0 A(zo, yo, 20)

oooo0oobododg0booooooooooooooon

G-dM z— 2z
dg = -— . 2.22
g 2 . (2.22)

o= \/(:1: —20)2 + (y —y0)? + (2 — 20)? (2.23)
0000000000 GOOD00000 (=6.67259 x 1071 [m3/kg s?); 00000, 2007) 00
O0dg00D0000000DO000D000DO (221)000000000000000000O0

O0000000000000000000 A(xo,y0,20) J0000000000000O0OO gy

O00000oO0oO0oog (eg., Hasan et al., 2006; Van Camp et al., 2006)0

Guw = Gu(t Z—Gpw// 9$y,zt

OooobobDé=n00000000000DO0O0O0ODOO0O0 nO0O0DOO0O0ODODODO gOO

dxdydz (2.24)

00000000000000
gu(t) = 61(t) + g2(t) (2.25)

gi(t) = —Gpu /// v (x y,z,t)z_3

7y7 _—
g2(t) = prwn/// z Zodzvdydz (2.27)

(@y) T

0 dxdydz (2.26)

13



g20000000000b000b0 2400000000

000 hy(z,y) 0000000 (0 2100)000000000000000000000000
00000000 A 000000 AOD0000000000000000 AO0000 h,O0
000000000000000000000 6(x,y,2,¢)0 ¢ 000000000000000
000000000 h(z,y,t)0 000 ¢.000000000000000

0000000000000000000 (214)000 (21900000000000 A(z,y,t)
000 4(z,y,2¢) 000000000 (225)000000000000000 ¢,() 00000
0000000000000000000000000000000000000000000
0000000000000000 A, 6,¢,00000000000000000000000

gboooooooooooooooooooooooooooboooooboooonDg

24 0J0O0OO0oOo0

O0000000000000O000000000000000(2.14), (2.19), (22500000
O00000D0D0OD0D0OD0O0O0O00D0DO A200000 AyOODODOO AzO000 AtO0OOOCOCOO

gobobooboooo«:Qwoobo0oj00bbo0 kb0 mbOODO

24.1 OODOOAODOOOOO

000000000000 00O0 AOOOD (214000000000 AOOOOODODOOO
000000000000 Aki and Richards (1980) 00 0000000000000 OOOODO

0000000000000 000((.14) 0000000000000 00

R jm+1) — R jm) Ky oh oh
" At - Ar {(h - hb)ax}(ﬁé,j,m) - {(h - hb)&ﬂ}(i—;,j,m)
+ h—hy)— —<(h—hp)=—
Ay [ ( 2 dy (i.j+%.m) ( 2 Jy (ij—%m)
+ Naigm) (2.28)

O0000{0 }0o000000000o000oOoO0o0oOoUoOo0oU{0O joooooooo

gboobobgooboaobobodaboo

h_h Oh _ [Mgm) FRGrrgm) Paggm) F Reiigm) ] Rasgm) — Rigm)
S 2 2 A
z (H—%,j,m) €T

(2.29)
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g20000000000b000b0 2400000000

00000hgi/2;m0 20000 (i,4,m)000 (i+1,7,m 0000 h0000000000
0000 hyis1/2jm 000000000000, ,..,,0000000000000000
00000000000000000000000

000000000 (228)000000000000000000000000

nhﬁdm+U'_h@Jm)

hwwm hijm)

|:{ h i,j,m) + h (i+1,4,m) h’b( i,5,m) + hb (i+1,5,m
T Az

hgﬂm hmm

h (¢,9,m Jrh(z,]—l,m) B hb( i,j,m) +hb (¢,j—1,m)

h (4,3,m) +hz 1,5,m) hb('L,Jm +hbz 1,5,m )} h (i,,m) — ifl,j,m)_

|:{h jm)+h(1j+lm) . h (z]m)+hb(1]+1m

+N(ijm) (2.30)

oOoo0o0ooooooo0oo (4,) 000000 m+100000 hijimyny 00000000
0000000000 Az, AyOODODOOO (1997a,1997b) 00000000 (DEM)ODOOOO
OsmO00000000C00000 AtOD000D0OO0OCO0000DOOOO0O0OODODOOO0OO

gboooooboooooan

At Kps 1

0 < NSEA “(h = hp)max < 1 (2.31)
At Kps 1

0 < By T “(h = hp)max < 1 (2.32)

242 OO0O0OOODOODOODO

00000000000 000O0oO0eUDODn (219 0000000O0OUDOOOOOO 2,y
0oo0o00oo0oooooooOoOoU0oO0ooOOoUoooDOoUoO 6,y)ooooooooooo

O00000000000000 (2199 00000000000 (Aki and Richards, 1980) O O
gbooooobooobogoaoo

0 .y
(kam1) WW—]{D%+K} —{m%+Kﬁ (2.33)
9 (k+4.m) 0z (k—3.m)

0000 {0 }00000000000000000O0OOO00OooOoOO10DoDo{O joooo

At Az

gboogoboobgoooo

o0 B Ok+1,m) — Okm)
D = Do) T K (G )

2m)

15



g20000000000b000b0 2400000000

_ p, (e(k,m) + 9(k+1,m)) O(k+1,m) — Ok,m) LK, <9(k,m) + 9(k+1,m))
2 Az 2

(2.34)

gobooboooboooob p,00000DL0000 K, 00OO0OOoboooooboooboobo
00

gooobobobooo b, K, 00b00oooooooon &(kH/Zm)DDDDDDDDDDD

gboobbooboobboobuoobbooboobbodoboo

000000 (234)0000000000000OODO0OOOOOUOOOO

Ok,m+1) — O(kesm) 1 Oke,m) + Okr1,m)\ Otk1,m) — Om) O(k,m) + O(k+1,m)
b b — - D K b b b K b b
Al Az[”( 2 ) A- '%“< 2 )
0 01— 0 —0_ 0 0.
—D, < (k,m) + 0k l,m)) (k,m) (k=1,m) K, ( (k,m) + (k—1,m) >:|
2 Az 2
(2.35)

oooooooooooooo (6,5,k) 000000 m+1000000 O jkmeny 000000
00000000000 Az00000DDOOCCOOOOOO0OODOSem0O0O0OOoOoOOO
0000 1mOdDOOOOOOOOOOCOOOO AtO00OO0OOOOODOOODOOODOODO

gbooooooooooooooooooooog

At
(A2)?

0 < - Dys < (2.36)

N

oooob,s0bobobob p, 0000000 0OD0ODOOLOO0bOObOobDODO

243 00000 gg, 0000

00o0opb0000 ¢,0000 (225)00000000000 mO000000000 gym)

OoobooO0ooo0000 /00000 k0D000DOOOO0OO0DOODbOO

Guwim) = Yi(m) T 92(m) (2.37)

Giem) = D0 Agigijem) (2.38)
T g <k>

92(m) — Z Z Ag2(i,j,m) (2.39)
v g

0000gmy0000000000000000000g,,,y00000000000000
Ag(ijkmys Doy 00000000000000001000000000000000 gy(m

00000 <k>00h(z,y,t) <z<hy(z,y) 000000000000000 (243000)0
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g20000000000b000b0 25000000000

0000 Agi(jkm)Adogimy 00 0000000000000000

AgiGjkm) = —Gpuw /Wr i /ny+2 /ZH 2 (i,4,k,m) ;;0 dxdydz (2.40)

Agaijmy = —Gpun /wﬂr /yjJr /h(”’m) £ dedydz (2.41)
a w=t Jy-8 Iy 7

ro= V@—$®”+@—y®”+@—¢w2 (2.42)

000000000000000 (4,5,k)0000000 (2,y,%)00000000000 (4,4)
0000000 (24,9) 00000000000Ag 4, 0000000000000000
0000z 0000

Az

A
Zk_Tzh(z]m)DDDD z+—<h (2.43)

9(i,9)
000000000000 000000000000000O00DO0O00O0ODO (2400000 241
0)000000000 (197%8) 0000000000000 0O0DO0DO0DODODOODODOOOOO
Az, Ay, Az00000000D00000O0O0OO0OOOOOOOOO0OO0 Az, AyO0O 50 mO
0000 AzO0D0ODOOOOSemd 0000000 1mOOODOOODOO
0000000000 300000 (2.14), (2.19), (225)000000000000000O0OO
AhO0ODODOD00 (2140000 (230)00000006000000 (219)0000 (2.35) 00
00000000 ¢,0000 (2250000 (237)000000000000O0OOOOO0OOO
OFortranO0 OO0 00000000000 0O3000000000O00O0O00O0O0O0O0O0OO0OOOO]
goooooooooooooobooooooooboooooooooooooooooo
00000000 00ooooooooooooooooooobobbbbObbOoDOoooon

gboooobogoobooo

25 0OOOooood

gobbooobboooboboobobuoobobuoobboobobooobooobooooboo
gboboobbooobooobooobboobboobboobbooobooobobon
gboobogooobooboobuooboboooboboboboboboobooboobooono
0000000 trial-and-error fitting 0 00 0000000000000 O00ODOOODOOOOOO
gbbodobbuoobobooobbooobboobobooobobooobooobboobboo

goooobogoog
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g20000000000b000b0 25000000000

gbboboooboobobooooooooboooooooooboooooooboon

o00000000000 Kp, [m/s]
e0000 (214000)

o000 n
(2.44)

o000000000000 Ku(6) [m/s]
e0000OO (219000)

o000000000O000 Dy(0) [m2/s]

00 K,(0)O D,(9) DO ODODO0DO000000 0000000 DOODODODOOODOODODOOODOO
000000000000 o00oooU0o0bo0oooOooooog (e.g., Van Genuchten, 1980)00

gboobobooboobbooboobbooboobbod

251 0OO0O0OOO0OOODOOOOO Ky

00000000000000000 K, 0O0DOOODOOoOOoooooooooo (Ks0o0)
0000000 (270)000000000000OO00OOOCOUOOOOOUOOOOOOOOO
O0000000000000000 K,00220000000000000000000000
O0000O00 wooooooooooooODDOO0000000000 KpsOooODoDoDoODD
0000 K,,O0OOOOOOOO00O000000000000000000000000001
00D00000000000000000 (eg.,00,1970)0000000000000000
00 K,000O0O0OO0O0O0ooooo0o0o0o0oo0ooooooo0o000o

000000 K,O0DOOOOO0OD0OO0O0o0O00000 (e.g., Grossman and Reinsch, 2002)0 0 O
O0000000000000000000000000000O00000000BOO0B0OBO
0000000000000 000000D0000000000 (e.g.,0000,1999,0 40)0
O00000000000000000000 K,,0OODOOOODOo0O0O0O000o0o0oooo
O00000000000000O0O0cOO0O0O0000000O0O0O0O0O0O00000O0O0B0BO0O
O0ooooooooood (eg, 00O, 2008)0

oobo00000000000000O0OOO0OOO0O0O00O0O0O0O0O0O0O0O0OODODOOOO
0000000000000 000 K,0OOO (booooo,2009p) 00000000000

000 K,00OOOOOO0OOoOOoOO (eg, 00000, 2002)0

p (2.45)
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g2000000000000000 250000000000

00000AODOO0O0O0O0O0O0O0O0LO0000000O0«O00000000w(T)000 T (00
FC)OO0D00000000000 (02200)0000M000 h,0OOODOOOO ¢,t,00
00000000000000000000000001500000000000000000
0D(QO00000,2009)0000000 700000000000 w(T)/k(15)0000000
00 (0DOD0O0O0, 2004, pp. 337)0

00000000000000000000 K, 0O00O00000000000000000
0000000000000000000000000000000000000000000
00000000 (0000 100mO00)0000000000000000000000000
000000000000000000000000000 K,0000O0OOOO0O000000

ooobobobobobobuobuobobuobUbo Kpsoooboboo

25.2 0OO0O0OO0OOOO n

000000000 »000000 (2140000000 (225) 0000000000000
goboobogooboooooooooboboboboobooooooooobo0o n0obOobODbODO
gboboboobooboobooboobobooobobooboboobbooboUDKR, oooonoog
gobobobobobobobobobobobobobobobobonbObDODO

gobodb n00bO0o0o0obO0oo0obO0o0bbOo0oboobboobboobobooobon

—

U22.0b0b0boboboboboboboobooboooooboooobbz20070 10000

gooooooom
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g20000000000b000b0 25000000000

0(00000;000000,2000)000000000000000000O0O0000O0O0OOYV

gbooooooooooooo MO0oOooooooooooD MgOOoooo

_MS_Md

2.46
PG (2.46)

n

gboooobooboobobuooboobbdp,0bboobboon
gobodbbooobooobboobobooboboobbooobood ne0oboboobooon
gbobooooboobobooboobobooooobboboooobobobobooobo
gbboobooobooaobboobbn, U ned0booooooboboobboobbod
goboobobooobobooobbn. 0000 DbOO0OD0ODOODDOODODOODLbOOODLDOO
gbboobbuoooboobbooboboooboooboobooobobooboboobboon

gbooobooboobboobuooboobboobooboboob

2,53 000000O0O0O0OOOOOO0O Ky(0)

22000000000000000000 K(p)OODODODOD K,OOOOOOOOoooo
000000000 00O0O0O00O0 (eg.,00,19)0K(A)000000OOOOOOOODO
000 (e.g., Van Genuchten, 1980)0 00 0000000000000 0O0O0OODO K,()OODO
O00000000000000 (Davidson et al., 1969; Olsson and Rose, 1978)0

Ky (0) = Koy exp {—a <1—0_9m""ﬂ (2.47)
Omaz — Omin

OD000K,, 0000000000000 00o0o0000ododobe00oobooooon
00 (000 a>00000(0 = bOmin)/Omaz — Omin) 000 0000000000000 60me 0
oo0ddooOoobOodoooobooooooog,,, 0000000 oooooooooad
oodooooboooobooobooob 6, 00000000 ooooooooooa
O00ooo0ooo0o0oooooo0ooogg,,00000000000000 (eg., 00O
00,1994, 0 )00000000000000 0 =0,0000000 K, O0OOOO =0pin
0000000 Kee *OOOoooooooo

0000000000000 0000000((47)000000ODOOODUODOODOOOOODO4
O (Kus, @, Omin, Omee) 00000000 K,,0OOO00 (2450)0000000 6y, 000

000 (2460)00000000000000O0O0OOOO a0 6,ODODDODOOOODODODODODO
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g20000000000b000b0 26000000D0O0ODOOODO

goboboboooboooooboboooooobobooooboboboooooboboonDo

al 6,,000000000000000DOCOOOO

254 000000000 OOOOOO D,(6)

22200000000000000000000D,(VDOOOOOOOOOOODOODOO Ky

O00o000D,(0) 000000000000 00000O0 (Gardner and Mayhugh, 1958)00

11(9)__1Lmexp{—b<1-‘9_6%””)] (2.48)

Omaz — Omin
000000000000000 Dy(0mee) = DesD 0000 Dy(fmin) = Dyse b 000 (D00
b>0)000 One 0 0y 000 (247) 0000000000000 0OOODOOOCODOOOCODOO
ooooooooooo D, Dooosd 20000000 2000000000000000
00000000 (e.g., Bruce and Klute, 1956)0 000 0000000000000 O0O0OOO
gdodobooooobooooouooooon

oottt oobodoooooooooooon
ddddoobododuouoooodoobooooouoooooooooooooooad
K,(0)0 D,()000000000000000000000000000 (2440000 40

gboogoobooboobbooboobbooboobb8boboooboon

c000D00000 Kps
e0000O (214000)

o000 n
o000000000 Ky

o000000000 Dy,
(2.49)

0o K,(/)ODDODO a
e00D0DOD (219, 247, 248000)

oDy(A)DOOO b

o0000O0 Onax

o 00000 Opmin

26 UO0O0OOOOOOOOOO

000000000000 00 (2.14,2.19,2250)0000000000000000O00C0OO

goboobbooobooobooobooobbooobboobDbooobooobbon
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g20000000000b000b0 26000000D0O0ODOOODO

00000D00000000000(1) 000 hy(z,y)0(2) 0000 hz,y,t)0(3) 00000

0 hy(z,y)0(4) 0000000000 (G)0000

2.6.1 000 hy(z,y)

gooboooooboboooooboboooobooboobooDoooobobOooboooo
0000000000000 00000O000O0O00b0D g,(t)ODOOODOO0O0OOOOOOooOO
0000 he(r,y) 0ODODODOODOOOOOODOODO

0000000000000 000000000O0O0OD0000000 (1997a,1997b) D000
0000 (DEM)00O00O000O hy(e,y) DOODOOOODEMOOOOO 15000000
225000000000DO00OOOODOOOOO1IDO0O0ODOODLDOI0ODSOMOObOOOODOOD
DEMUOODOOOOD0OOOODOOO0OOOOOOOOD Az, AyOOQOOOOO (24000)0

00000o00o0O0000o0o0o00ooOo0o00O0 P)OOOOODODOOOOOOOOOO
00000000000 ¢t00000 RH)ODODODOOO F)ODOUODODUOO0O0 pO00OOOOODO

gboobobooboaobobodaboo

v (2,y, hy(x,y),t) = —pP(t) = —p[R(t) — E(t)] (2.50)

00000 0000000000000000O0O0O0ODODOOOO((6) 00 (27)D000O0ODODO

ooooooooogog

oh
Vz (xuyahg(xay)ut) = _Kvai

V4
- k]2 ]

[
0z @,k (.).8)

= —p[R(t) - E(t)] (2.51)

00000000000000000000000O00UOD p, R(t), E)DO00OOOOOOOO
0000000000000 0000000000D0 pOODOOOOOOOOO 100 mm/hour O
000000 p=1.000000000000000 (ODDOOODO,1975,0H)00000O0O0O0O
gbbodbbuooboboobobooobooobboobbuoobboobbuooboboon

gboogoobooboobboobuooboobbdyp=10000000
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g20000000000b000b0 26000000D0O0ODOOODO

00000 R#)OOD00O0O0OD00O00ON0000DN0000N000000000000
00000000000000000000000000000000300000000000
000000000000000000000000 (e.g., Kazama and Okubo, 2009)0 0 0 O
0000000000000000000000000000000000000000 0.5 mm
000 1.0mmOO00

0000000 EO0D0000000000000000000000000000000
0000000000000 (e, D000, 2002)0000000000Thornthwaite (1948) O
00 Penman(1948) 000 0000000000000 000000000O0000O000000
0000000000000000000000000000000000000000000
000000000

00 Thornthwaite (1948) D0 000000 E, (00 [em/month)) 0000 (i3 1 <i<12)0

0000 (00)7; 0000000000000 (eg., 0000, 1999)0

Ei) = Cli,p)-T()" (2.52)

a = (6.75x 1073 — (7.71 x 1079)I? + (1.792 x 107 3)T +4.9239 x 10~ (2.53)
12 -\ 11.514
T(i)
I = —
>[5

i=1

(2.54)

O0000C(i,p)0OD0 00000 000000000 O0OOO(0DO,1973) 0000000
E,00000000b0o0oooboooobooooboooobooooRk0D0bOooooD
O00000o0O000o0o0oo0ooooooUooOo (bo,190)000 FR,OO0OOOOODO
gboboobbuooboboooboooboboobboobobooobooooboonboboo
ooooooooooop0oooobboooooobboboooooboooobobooooDboObo
000000000 (27000)000000ODO E,OOODOODO

000 Penman(1948) 00000 E, (00 [mm/day]) 0000000000000

AT)  S(U,pa,n, T H)

B = Rmy+s m
v
+ m ' f(U, ha) : [Esa(T) — Ea(T,H)] (2‘55)

000000000A, S, ¢, f, E, E, 00000000000 (00000,1993)0FE,004
oooooobbooboobooTOobobob0ob HOObob»OOOobOOobwbobos0000

000000 vy=0.662 hPa/°ClO0000 JOOO U0O0O0OO000 «0OOO0OO A,O00O0O
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g20000000000b000b0 26000000D0O0ODOOODO

00000000000 E,O0E, (2520)0000000000000000000000O0O0DO
O00000000000000000 (eg.,0000,2002)0000000000000000
000000000000 E,000000000000000

00 g, 00000000000000000000000 R, 0O0000O0O00O0O00COO0
(000,2009; 000,2009p)000000000000000 0000000 0OOOOOO
0000000000000 (Idso et al., 1975; Betts and Ball, 1997; Post et al, 2000)0 0 0 O
00000000 0200000000000000 (00O,1982;00,1999000000000

gboooboboobdd e=02000000

2.6.2 0000 h(x,y,t)

0000 h(x,y,t) 000000000000 (214)000000000000O0O0O0OOOOO
gboooooooooooooooooooo 200b0b0ob0obobobobob
gooboobooobobooobobooobooobboobbooobooooboboobboo

0000000000000000000000MO00000000000000000000
0(x,y, h(z,y,t),t) = Omaa (2.56)

O000000000000000 N(x,y,t) 000000000000 OOOOOODOODOOODO

ooooot

N(l’7 Y t) = _UZ($’ Y, h($, Y, t)a t) = |:Dv89 + K’U:|
aZ (w,y,h(:c,y,t),t)

(2.57)

00000000000NOOOODOOOO0OO0O0000
000000000000000000000000000000000000000000

0000000000000000000000000000000000000000000

00 hs(z,y) D0ODO0OOU0O0O0ODOOOOOOODOOOOOOOOOOO (2700000)0O

2.6.3 000000 hy(z,y)

0000000000000 0000O00000O00O00O0OU0O0UO0 AOOODOOO (2.14)

0000000000000 0000D00000 h(z,y) DOODOODODODOOODOOOOODOODO
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g20000000000b000b0 26000000D0O0ODOOODO

000000000000 000000 (Aizawaet al., 2008, D000, 2008) 00000000
gboooooooooooooooooooooooooooooboooooooon
gbobomoooooooooobobooooboooboooobobobooboboon
O0000—000000000000000000000d (eg.,0000O0O, 2002, 0 1-8)00
000000000000 O00000O000C0O00oODO00bO0O0oOOO0 g OOooDo
gobooboboboobooobooooboboboo@oooooboooobobobooooDo
gbobobooboooooboobobooboboobobobobobooboobobobon

O00o00ooooooooooooooooooooooooooooouooooon
vz(x,y,hb(w,y),t):() (258)

gbooooboobooobbooo

264 UO0O0O0OODOOO

00000000000 00000DODO00ooUooooooooooO (e.g., Vacher, 1988)0
0000000000000 00O00000U (zw,y) 00000000 OOOODOOOOOO

gbooobobooboobooobobon

h(l‘w,yw,t) = hg(xwayw) (259)

gooooooOOooboOob AOO0DOODOODOOOOOOOOOOOOOOODOODO
oboobogoooepOO0OO0ODbODOO0ODODOODUODOOLODUODLODODODUOODDUODOD

gbooooboabooonbogd

265 00O

oo0o0o0 ¢,(t) 0000000000000 00000O0O0O0O (Kazana and Okubo, 2009)0
gboboobbooobooobooobboobbooobooobooobooobobon
gbbodbbuoobbooobooobooobboooboboobboobboobobooon
gobooobooooobobooobooobboobbooobbooobbooobboOon
gbobodobbuoobobooobooobooobbooboboobboobbooboobooon

gbogoobooboobbooboobbooboobbod
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gbooogobobboobobooooboboooooboobooooooomouooooDoon
gbooboboboobooooobooboboboboooboobobOobooooooboboo
0000000000000 (eg,0000,199)00000000000000OO0ODODOO
O000000000000000 (Téth, 1962)00000000000000O0O0O0O0O0O0ODOO
gbooooooooooooooobgono

00000000000000000000000000000000
Ty =0 (2.60)

00006 OD000000DODO0ODOO00DODOO0ODOO0OO0y,00D0000000DODOOODO0O0
(0 2.1) 0000000000000 0UOOODOOO00OD0OOOODOOOOOO g, 0000000

goooobooboobbooboobbon

27 O0O0O0oOooog

00000000000 (0(z,y,2t)000 hiz,y,t) 0000000000000 (A(z,y, 2,0)
000 h(z,9,0)000000000000000000000000000O00000000O

gooooboobooboboobuoobbooboobbooboobboooboon

9(357%2;0) = 95(51773/72) (261)

Mz, y,0) = hs(z,y) (2.62)

oobobeé;DO00DO00DO0O0DOOb0OOARODOO0OODODODOOODOOODO
gooooooboogbooboobogoob pOoboobobooboboboboobobbooooo

O000000000000000000 v, 0000000000 (250000)0
’Uzo(.'E,y,hg(fL’,y)):—P(]:—(Ro—Eo) (263)

RyOOOOOODOEDODODOODODODODODLDOLOOOOOOOOOO I 00DO™D
O0000R00O0ODODO (20092) 00000000 CODODODOOOOODOOOODOOOOOODO
gooooboboooboboooooboooobooooboboo ppOobbobbooboobo

0000000000 7;000000000000000000000 (2.520)00000
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271 00000000 hyx,y)

0000D000000000000000000000 hye,y) 0000000000000
000000000000000000000000000000000000000 N, (0O
m/s); 257000)0000

No(z,y) = Py = Ro — Ep (2.64)

0000000000000 0O0O00000000OD00000oUO0Oo0OD (230)00o0ooOOO
0000000000000 000000000000000 he(z,y)OODODO
O0000o0000000000oo0000oooo0o0ooooo0o0o0oo0AO0O0O0On kO
gobooboboobboobobooobooobooobboobboobboobbooon
gbbodobbuooboboobobooobooobbooboboobbooobooobbod
0000000000 ARDO AR, 0000000000000 0O0C0O0O0O0O0O0COOOOOOO0N
gbbodobboobboobobooobooobbooboboobbooobooboobooon

gbooobooboobbooboobbooboobbooboog

h(z,y,t) < hg(z,y) 0;07(z,y,1) (2.65)

2.7.2 000000000 6Oy(z,y,2)
O0000000000000000000000000000000000
Ah(z,y) = hg(z,y) — hs(z,y) (2.66)

000000000 (r,y) D0OO0OO0OUOODOOOOODOOOODOOODOOOODOOODOOOOO

O0000w,c0 3000000
UZO(xayaz) = _(RO - EO) (267)

goboobooooobob3dombobOoooobO0boO00b0obOo0oooobOobbooonDo

gooobob 1iomdodbo0dlomdoOoooDOoobOoOonDbOoO0ObDOn
O000O0O0O0OOoOoOoOOoOOODODODOOOO 6(x,y,z)00000000ODODODOODODODODODOO

Ahnmx 0000000000000 000DD0O0O0O0O0 ©4(2) (000 Z0O00ODODOD0ODOOOOO;

02100)0000064(2Z)0000000000O0O0O0O0O0OOO0OOODODOODODOOO

0s(x,y,2) = Os(z — hs(z,y)) 00 hs(z,y) < 2 < hy(x,y) (2.68)
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O,(2) 0000000000 (23) 0000000000000 00DO0O0OOOOODOOOO

gboooobooboobbooboob 2000000

O(Z=0) = o (2.69)

0:(Z = Zuax = Ahmax) = —(Ro — Eo) (2.70)

0000000000000 00000000O000000000ODODBs(Z2)00O0DO

2.8 0OJUOOOOO

0000000000000000000000000000000000 g,()000000
0000000000000000000000000000 (023000000)0

00000000000000000020000000000000000 6(x,y,2,t)00
00000000 A(z,y,t)0000000000000000000000000 (2.10)000
0000000000000 ¢,()0000000 6(x,y,2,t)000 h(z,y,t) 00000000
00000000000000 (230)00000000000000000000000000
000 (220)00000000024000000000000000000000000 (2.5
0)000O00 (260)00000 (270)0000000000006(2,y,2,¢t) 000 h(z,y,t)
0000000000000000000

0000000000000 3000000000 (024)0030000000000000
000000000000000000MMO40000000000000000000000
0000000000000 0500000000000000000—0000000000
0000000000000000000000@MO00030000000000000000
0000000000000000000000000000000000000000000
00000000000000000000000030000000000000000000
00000000000 ¢,() 000000 gu(t)00000000000000000000
00 1pgal00000000000000000000000 (3pgal00)000000000
00000000000000000

0000 600002004000000000200800000000000000 geys(t) 00
0000000000 ¢,(t)00000 (1.30)0000000000000000000000

000 Ag(t) 000000000000 OO0OOO0ODOO0OODOOOOODOO0OOOOOOOODODOO
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EFI)LEE
SHEsan +18/(SA—5—
hg(XIY)I hb(XIY) Kv(e)l Dv(e)l
A, S37KERTRE Kpey N 7R
K
TUD
A B p N
i =oals 4273 .
[ TR ] o (7? ::ﬁ(mxt)ﬁ* HES—4
Po=Ro~ By RS |
> %)J,ﬁ*{frujﬁﬁ) A
( * \ eobs(xlyrzlt)
— o Tk TRIETE AR Rops(X/Y/t)
BahgKE G(X vz t)
P(t) = R(t) - E(t) Mooy )
¢ )
T KIBEL EHEAT—
gw(t) gobs(t)
J
| |
v
EELEIERDEHZEIL

Ag(t) = gobs(t) - gw(t)

023 00000000000000b0000000no0
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46°N [—

Isawa Fan

40°N

Asama Volcano

38°N

36°N

Sakurajima Volcano

28°N — — — — — — — I

128°E 130°E 132°E 134°E 136°E 138°E 140°E 142°E 144°E 146°E

024 000000000000 000O0O030000OD0OOO0ODObOD0bOOoDObDODO
O00000M0O00000000 Coffinet al. (1997)000000000000O0O0OOOODO

000000 GTOPO30 (Gesch and Larson, 1996; USGS, 2009) 00000000
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gobobooobobooo1l1oboobobooboboobboooboooboooboboooboboo
gbbooobooobbbooobboobbbooobobooobbooobobooobboon

gbooobooboobobooboobboobooobo

3.1 0O0o0on

000000000000000000000000000000D000O (02400000 3.1
000)00000000000000100020km0000200km?200000000000
gboboooobooooboboooobboooobooobbooobbooobbooon
gbbodgbobooobbooobboobbooob1oo0obooboooboboobboo
O00000000000000000000 (eg,000,2008)000000000000O0
ubodgbooboobobbobuoobooboboobbobbooobobobboboboon
00000000000 (e.g., 0000, 2003)0

gobobooobooobboobboobobooobboobbooboboobbooooboo
gboboobobooobooobooobboobboobboobobooobooobob 300
O00000O() 00000000 ooO00oooO0oUDO0o0D 1m0 0MOoOooooOOooooD
0000000000000 00O00O0oO0O00o0oUOo0oUoOoDoOOo0oOOoUoO(@)oooo
gbobodobbuooboboooobbooobboobboobbooobooobbooboboo
00000000000 @) 000000000000 0oU00O0 U0 VLBIOOO (OO NAO; O
3.1000)0000000000000O0000O000OOO00D0D0ODOOOoOObOOOOOd

goboboobooobboobbuoooboobbuooobooobobooo 2b000bDO
gbbooboboooboboobboobobooobboobbooobobooboboooboboon

gboogobooboobboobuooboobboobboobobooboon
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39° 20'N H

39° 10'N

39° 00'N

38° 50'N t
140° 40'E 140° 50'E 141° 00'E 141° 10'E 141° 20'E

031: 0000000000 ((@00O0000 GTOPO30D000; USGS, 200900000000
0000000000000 o00oO0O0UUO0OO (boDOo0;D00Oobooooog, 200900
0000000 (oo0o,2002)000000000000000O00DOO0ODOOOO0OOO0
00000000 (Hikima et al, 2008; Yokota et al, 2009) 0 0000000000000 0O0O0O

00000000 (http://www.hinet.bosai.go.jp/topics/iwate-miyagi080614/) 0 D 0D 00O O
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3.2 UOOoon

00000000000000000000000000062mMO000 04%0000000
ooooooooooDoOoOoOoOo0o0oOooOobo4hadogooooooobooOoCObOOoOoOoOoo
0000000100000 0o0ooooooooooooOoo (eg., Kimura and Satome,
1905; Shibata et al., 1994)0 0 00 0000000000000 0O 1-3mO00000000ODODO
O0000o0O000oooO0 1900000000 oo0o00 (Dooo,190)0000 200800
gobboooboboobboooboooboboobbuoobboobobooobboobobo
O00020km 000000000000ODOO0OOOOODOOOOO (0OOO, 2009)02009
gogbooobobooooanboog

gboooobobobobooooboboooooboobooooobooboobooooboobobo
0000o00O00O000ooO0O0UOoD (0 s3200) 0000000 OOOUOOOOOOUOOD

gbooooooobooboobooooboboooobooboboooboobobooobooboon

Moisture b '
Meter - : /Weather Station

V

Water-Level
Gauge

Superconducting
Gravimeter

Southern
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0 32 00000b000b0o0boboobboobbooboooboboobboobboon
gbbodobbuoobboobboobbooboboooboboooboboobboobboon

ooooooooogoooogno
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3.2.1 0000

0332.000000000000000208000000000000000000000
0D0000000000000000 Rye(t)0000000000000000 0.5mmO00
00000000000000000000000000000000000100000000
0000000000000000000000000000000000000000000
000000000000000000000000000000000000O0O0O0O00000
0000000000000000000000000000000000000000000
0000000002080 000000 907.0mmO0000 AMeDASOOOOO0O0OO0O
0000000 : 1062 mm; 000, 2009a0]

00000000 Penman (1948) 0000000 (2550)0000000000 Ey(t) 00
000000000000000000000000000 T(), 0000000 H(t), 000
On(t), 00000 «(¢)000000000000000000000O0O0O0O0O00000000
0000000000000000000000 a=02000 ¢=239.1332[degl000000
h,=10m000000000000000000000000O0O0O0O0O0OOOOO00O02008
00000000 701.5mmO0000000 77 %00000000000000000

0000000000 Ra(t) = Rt(t) - B(t) 00 0000000000000 00OO0
00000000000P,000000000000000000000000000000
D000000000000000200800000000+2055mmO000000

0000000000000000000 deye 00000000000000000000
00000000000000002070000000000000000000000000
000000000000000000000000000 16km0000000000000
23 km00000000 (000,2009)000000000000000000002007-2008
0000000 10em000000400000000002008-200900000000000

000000 (000,209)0100000000000000000OOOOOOOOO

3.2.2 000000

O0oo0obOOo0oooDoOoCo0o0ooOoDOoO0o00DO0O0000DDOOOO Delta-TOO

0000000000 (Profile Probe PR2)D OO DOO20080 120000000000 (O 3.2)0
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Snow [cm]

F Average —
Error T ’

gobs(t) —

—_
o
I

o
I

Gravity [ugal]

Irregular — semtstiosspopiss s
0 T T T T T T T T T T ‘ T ‘ ‘ T
0 50 100 150 200 250 300 350 400 450 500 550 600 650

Days from 2008/01/01 (JST)

033 000000000000000000000000020080101000000000
00 [day] 0000000000 () 000000000 Ry ()00 00 Penman(1948) 00 00
0000 E(t) 000000000000 Prp()000010000000 depew(t)0 (b) 000
00000000000 6g()0000000000000000(c)000 h, 0000000
00000 hy()0000000000000000000000000000000(d) 000
000000000000000000000 go(t)0000BAYTAP-G (Tamura et al., 1991)
0000000000000000 (Irregular value)J0 0 O0BAYTAP-GOOOOOO0O0OO

gbogoobooboooobooboobbooboobbooboooonoo
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oboobobobobD3embDO0 120em000000D0O0DOODOOODOOOODOG60O0O0OO0
O000e(00 [F/m) 0000000000000 0O0OOOOOOOOO 100ecemO0000O0O0O
ooooooooooog o, 20, 30, 40,60, 100 m 0000000000 O0OOCO0OO0OO0O
000000000 e000000ODODOOAODOODOODODODOOOOOODOOOOOD (D
00 8leg; OO0 O OODOODOD)ODOOOOOOODODODODO (DODODDODOO 4ep, 0; 000
00,2007)000000000000C0C0O000O0O0OOOO0OOO0OOODO0OOOOOOOOOD
O00000000000000000000 e00D0O0O0ODAO 101000000 (Topp et

al., 1980)D godooooooooood (Whalley, 1993; White et al., 1994)D
\/E:ao+a1><9 (31)

ap,a; 0000000000 DOOODODOMiller and Gaskin (1999) 0 00O

00000 ao=1.6 [F2/m2], a =8.4 [F2/m2] 52

00000 ap=1.3[F2/mz], a; =77 [F2/m?] '
O0000000000000000 e0 TDR O (time-domain reflectometry; Topp et al., 1980)
00000000000000000000 (3.1)00000000000000000000
0060000000000
00000000 e00006000000000(32)00000000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000 (000
0O00,20002) 00000000000 VOOODODO00DO0000000 M0O000000 M,y
00000000000000 6,0

My — My

0
0 PG

(3.3)

00000000000M,0000000 M,000000000 »000000000 (2.46
000)020080 11080000000000000006,~050000020080 120000
0000000000000000000 (040-050)0000000000000000000
00000000000000 (0.33-042)000000000000000000000000
00O000O000O00o0O0oooon

033h000000000000000000000 6,(t)0000000060u(¢)0 600

000006t (1<:¢<6)00000000000C00O001lm0O0000O0DODOOOODOO
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gboooooooooooooooooboobobobobobobobono

6 = 5

Ae(t):\Jli[gi(t)_aobs(t)P (3.4)
0000000000000 0(0000,1974;,00000,1982)0000000 0.00000
O000000060,4s(t)D00000000000C0O0O00O0OODO00OODOOOO0OOOODOO
Jooooobooooooooboooooooobooooooooooooooboooo
0000000000000 00000000000O000000000O00O00O00O00O00O00O000O00O0O0
godoooooooooooboooboooooooboooobooooooooooa

gbooooooooooooooooooooooobooooboooooooooooonDo

3.2.3 000000

gboobooooobobobgoooobobob400000DbO0ODO0 S MOOO0OO0OODO
O0000000000O0O000000D0OO0O0O0O0DO (D000, 19)00000000000
gbbodgbbuooboboobobooobboobboobbuoobbooobuooboobooon
gboboobbooobooobooobbuooobooobooobooobboooboboo
gbbodbbuooboboobobuoobobuooobbooobooboobboobbuoobobooon
2mO0000000000O0OO0OOOO0OOOIVOOODLDOOOOO

20080 10090 (¢<275[day))D000000O0DOODOOODOOO33c0000OODOOO
gbobooo40000000 1000000000 DbO000bbOOob0Ooo0DLbOo0bbOo0n
gbbodgbbuobobooobooobuooobbooboboobboobbuoooobooan
000 2092m/VOOOOOODOOOOOOOOO

oooooooooobooo rps000O0DOOO0OOOO0ODOODOOOODOOOOOODO
gboboobbooobooobooobooobobooobboobboooboobboon
gbboobboobboobobooobooobboooboboobbooobooooboobod
0000 ((@O0O0,208)000000000000000O000D0O0OHORIBAODOODOOOODO
00000 B-1730000000589uS/emI0000000O00O0 27kmO00000000O0ODO
000000000000 o;000,20060000000 (0 215uS/cm)000000O00O0O0O0O
gbbodobbuoobobooobooobboobbooboboobboobboobobooon

00000 (00O0O,2008)0000000000000000000D0O0O0ODOO0O0O0OOOODOO
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000000000000000000002080000000 —25em000000000
00000 —2mO000000000000000020080 6000000000000000
0000000000007000 (¢~190 [day)) 000000000000 2m)00000
00000000000000000000

000000000000000000000000000Schlumberger 0 0 Mini-Diver( [
000000000020080 10000 3.3c000000000000000 (03200000
000000000000000000000000 P,000000000 R,0000000

O00000000o00oo0oooooo A0
(3.5)

000000000000000000p,00000 (=1000 kg/m®)0¢000000000
(=98 m/s?))000000000000000010m000000000000000 2m0O
00000000000000000020080 10000 33:000000000000000
000000020090 200000 330000000000000000000000000
0000000330000000000050000000000200004000000
000000000000000000000000
0000000000000 hey 0000000000000 00000000000000
000000000000000000000000000000000 3300000000
0000000000000000000000000000000000000000000
200820090 000000000000000000000000000000002009000
(t~430[day]) 000000000000 000O0O0000O0O0O0OO0O0000O00O0OOO0

gboogooboobooobooboooboboooo

3.24 0O00O0OOO

o0oOoO00oOo00oDOoO0ooO0o0oOo0ooDoOOobOb020kmO0O00000D0O0O0 GWRODO
O00000 (SN: GWR-T007) D00 OO0O0O0O0OO0OOOOOOOOD 100000020090
1000000000000 (0 32, 0000,2009)000000000000000000A0
O00000000000000000000000000 AgO0O0O0OOOOOODODOO AsDO

gboboobbooboboobobooboboooboboooboboobboooboooobobon
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00 1-10ngal 00 0000000000000 000O0 (Goodkind, 1999; GWR Instruments,

2007)00000AgO0O0DOO0OOOODODOO
k
Ag = —As (3.6)
m

ooo0mOOO0OD0OOODOOOkOOO0ODOODOOOOOOODOOOOOODOOODOODOOO
0000000000000 000O00000D0O0 AsODODOOOOO0OODO AVOOOOOO

O0000@B6) 000000 «000 ADDDDOODODUOOODOOODOOOOOO
k
Ag:%-aAV:AAV (3.7)

0000000 A0D0O0ODOO0OO0O0O0O0O0O0O0 (Niebauer et al., 1995) 00000000000
goooogogd

033d0000000020090 1000000000000 gws (1000)00000000OO
000 A= —56.082 [ugal/V] (Tamura et al., 2005) D 000 00000 0OBAYTAP-G (Tamura
et al., 1991)00000000000COCOOOOOO0OOOOOOOOOOOODUOOOOOOO
0000000000000 0000000O000000D0O0OOO00 —0.35ugal/hPa0 OO0
O Merriam, 19920 000000000000 00O0DOO0O
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oo 2000000000 oboboboboboboboboobbobobobobbbobbobbobn
gaggooboboobbbtbddoooooooooobobbooodoooooobobooobooo

oD bObDbDD
0000000000000 000000000000 (Van Camp and Francis, 2006)0 0 00O
oo oooooboobobobobbobbobon
0000000000000 0000 40.106000 40.010 [pgal/day] DOOOOOO0ODOOO
gogoooon

00000000000 000O000O00DbDOD 12pgal000000O0DOOOODOOODOODO

0¢t~480,t~525[day])D0 0000000000000 O0OOO0OOOOODOOOOODOOOO
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gbooooooooooooooooooooooooon

0000000000000 20080 60 140 (t=166 [day)) 000000000 OOODOO
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(00000,2009%)0000000000000000000O0OOO0OO0OOOOOOOOOOOO
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O0000,2009%) 0000000020090 1000000000000000000O0O0O0O0OOO
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H
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0000000000000 0000 04%00000000000O0O0O0O0O0OO

gogbooooboooobooobbooobobooobooobboobbooooboobog
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000000000o0o0U00o00oo0o0o0o0Uo0o0oOoOoUOo0O0D2%0000000
0000000000000 000000000000000oooOoO (~5uga)dO0OOODO

gboooooooooooooooooooooooooooooon
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gboooooooooooooooooooog

K,s = 5.0x107% [m/s]

Dys = 1.0x1076 [m?/s]
a = 2.06
(3.9)
b = 3.95

n = Opaz = 0.52

Omin = 0.28

00000000 K,, OODODODODOO 1020em 000000 80000000D0OOO0O
00 (25.1000)000000000000000C00OO0ODOOOOO0OOOOODOOOO (O
000,1974;,00000,1982) 0000 (~ 1077 m/s; Haitjema, 1995; 00 000, 2002) O O
oooooooog

00000000000 A0000000000 60,,,000000000000000000
0000000000 (2520)00000000000O0O0DOOOOOODOOODODOOODOO
005000000 (033b)000os20000000000000000O0O0OOODO

O00040000000000 (Dysy a, b, 0iy) 00 000000000000 0OOOOOO
Oops(t) 0 O trial-and-error fitting0 OO0 00000000000 00000OO 6,0 028000
0000000o00o00ooo0 o 0200000000000000O0O (e.g., Van Genuchten,
1980)0 0000000000000 0000O0 6,0 00D0OO0OD0OOOODOODOOODOODODO
0000000000000000000000000000 (eg, 00000, 2002)0

00o0o000o0d D,,00000 10751073 m?/s)0000000000000000 (Bruce
and Klute, 1956; Gardner and Mayhugh, 1958; 0000, 1991; 0000, 1991)0 000000
D00DD000010%m?/s000000000000000000O0DODOOD0DODOO0O000000

000000000000 000000 e, bO0O0O0O0O2-100000000 (e.g., Bruce and
Klute, 1956; Gardner and Mayhugh, 1958; Davidson et al, 1969; Olsson and Rose, 1978)0 O O
oooooooooooooo K, D, 00000 1000000000000 (2.47,2.480
O00) 00000000000 00D0 e, b0 3000000000000O00O0O0OOOOOOODOO
0000000000000 000000000 64,00 0, 0000000 K,O D, 0 12
Oo00ooooooooooooon

gboobogobooobooooobobooboobobooooboboboboobobobOono
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gbobobobbobooboooooboboobooooboobobooooooboboboboon

000000 (3.90)0000000000006(2,¢) 00000000 ¢,(¢)00000000

3.3.4 0O00O0OOOOO

0000000000000000000000000000000000000000000
0000000000000000000200000000000000000000000
0000000000000000000000000000000000000000000
0000000000000000

()0000000000000000006(z,4)000000000000000000 6,(2)
00000 (zO0OOOOOOOOO0)IO,(Z)0000000 (219000000000000
00 (235000000000 Az=0.05[m], At=300[s)0000000000000000
0000000000 (3.90)00000000000 3320000020000000000

goooooooooooog RO
Py = Ry—Ey
= 1142.7 — 667.8

= 4749 [mm/year] (3.10)

0000000000000 0R O AMeDASOODOODO (DDODDOOOOO7kmOOO0ODO
0 (000, 2009%)0 Epy0 AMeDASOOOOOOOOOO (000,200 000000000
Thornthwaite 0 0 00 (2520 )000000000000000 0000000000000
00000000 By(z)00000O0o0oo

(2000000000 CO0O0OOO0O00U0UU0D0D0D0DUD0DODODODODODODODODODOoOoOoOoOOO

9(z,t)DDDDDDDDDDDDD @S(Z)DDDDDDDDDDDDDD
0(z,0) = ©(z — h(0)) 0 ;0 A(0) < 2 < hy (3.11)

O0D00A) 000000k, O0000000006(z,t)0000000 (219)00000000
000000 (235)0000000000000000000000000000000000
00000000 33200000200000000000000000500000000
0000000000 (B, 2550)050000000000000000000500000

O hps(t) 000000000000 O0OOOOOOOOOODO
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(3) 0000000000000 DO000U000UU0LO0OULOOO0UDDO gt)OOOODO
O0000000000000O00000O0O0O000 f(2,y)D00000000O0ODOOODODOOO

001mmO000000000 (3.8)000 6g(c0,0) =0.0419 [ugal] 0000000000

Ju(t) = 0.0419 [ 0(z,t)dz (3.12)

Zmin

0000000000 g,()0 200000000 [ugal], [mm] 000 zmnee = hg, Zmin = hg—5000
000000000000000000 (2<Ah(t)00000 6(2,t) =6me 000000000
9(z,t) 00000000 5em00000000000000000O0O000000 (3.12)00
Az=50[mm|00000000000000000

0000000000000000000 ¢,()000000000000000000000

goooobooboobooobobon

34 U0OOO

34.1 00000000 642)

03500000000000000000000000D000000O0O00 642)000086
000000 (Z=0m))0000 6, =0520000000000000000000000
O0o0o0oooe;0 723 mO0OO00D0OOOODO0O0OO0O0O0OO0Z>6m0000000O0ODO
(033) 0000000000000 O0O0UODO0O0OOO0OOOODO (023 [m)0O
00000@Mo00oo0oo0 (Zz23m)000000oO0ood (ee, 00000, 2002)0
O000000000oooooooooO (e.g., Jury and Horton, 2004) 00000000000
gboboobboooboooboboooboboobboobbooobooobobooobboo
gbooabboobogboabo

000000000 (Bs(0)=0)00(219)00000000000O0O0O0O0O0O0OO0OOOO

00000000000 /ot=00000000

d(Dd&wJ(>: dv: _, (3.13)

dz \"Vaz v 7
O00000000000000 », 000000 P,O0000DOO00

dO,
DS+ Ky = —v. = Ry (3.14)
dOg Py — K,(Oy)
_ D0 wlYs) 1
iz D.(6) (3.15)
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0000000000 350000006,(2)0000000000000K(A)0 DB)00D0
0000000000000000000000000000000000000000K,O D,
00000000000000 (e=b)000000000000 6,(2)0000000000
0000 (0000,2003,155000)00000¢#b000000000000000000
00000000000

00000000000000000 (Z=0)000000000000000000000

0000 O4(c0) = O O

1. Ky
06, = (1-1 O 1
o ( i P0> (3.17)

000000000000 000000 (24700000000 OOOODOOOOLODO (390)0
00000 (3.100)0000000060 03800000000 350000000000
0000000 Z~2m|00000000O00OOOOOOO0 ©,~04400000000000

0000000000 0000o00oo0oU0oo0o (033000 ooUooooo
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o

oo
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\V]
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0.35 0.40 0.45 0.50 0.55

05(4)

Z (Height from Water Table) [m]

o

035:00000000006,(zZ) 0000000000000 Z00000000 6,0

46



g30000boonboogn 3400000

3.4.2 000000000 6(z,¢)

0000000 6,(2)0000000 (3.110)020080 10-20090 90000000000
6(-,)0000000003.6000000000000000000000000000000
00000000000000000006(z,¢)000000000000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0(2190)00000000000000000000000000000

OD00O¢~470-480 [day] 00 000000000000000000000000O 300
00000000000000000000000000000000000000000 50 cm
000000000000 10000000000000000000000000000000
00000000000000 (2470)0000000000000000000000000
200030000000000000000000000000000000 (e.g., 310, 1991)0
000000000000000¢~550-600[day] 0000000000

00000000000000000000000000000000000000 04000
0000000030 emO00000 045000000000 1m0 0490000000000
000000000000000000000000000000 (035000000000
00000000000000000000000000000000000000000000
00000000000000 (052)00000000000000000000000000
00 (033)0000000000000000000

00000000000 4(-,t)0000000000000000000000000000
0000000000000006,4#)0000000000000000000000000
000 6(2,4)000000000000000 3.7b0000000000000000O0000
000 6(t) 00000000000 6ut) 000000006, 000000 A6®t) (3.40)
00000006, 000000000000000000000 (03.6)000000000

20082009000 (t <90 [day)) 0000 0000000000000 O0O0000000000O
00 (037000000)000000000000000000000 6,4,00000000
00000000000006,,00000000000000000000000000000
0000000000000000000000000000000000000000000

goboobboobbooobooobobooobboobboobobooobooobbon
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o
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o

036: 00000000000 6(z,4)00000000000000 (a) 5-10 cm, (b) 15-20 cm,
(¢) 25-30 cm, (d) 35-40 cm, (e) 55-60 cm, (f) 95-100 cm 0000 0000000000000

20080 10 100000000000 OOOUOOOODO (0.52)0D0000O0O0
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037:00000000000000000000000000 20090 1010000000
0000() 000000000000 PkOOOOO5000000 RO(b)0O000DOO0
0000 6,,000000000000 A6,00000000000 6,40(c) 0000000
00000000000 gu0000000000000 ¢,00000000000 depew000
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gobooboboooobogooboooooooobooboobooooobobobooooboobooonoo
gbobodobbuooobooooboobooobobooobooobooobooooboonbooboo
oooooooooon
ooooOoboo0oooOo0éps06,0000000000DOOO0DOOODOO0O0ODOODOO
Oo0O0O0OD0 0450000000600 6psDO00OOOOOOOODOOODOODODODODODODODODODO
gboboobobooboboooboooboobobooobobooobobooboboobooboon
000000000000 0000000000O0000000UD00D (¢29 [day))ODOODO
00 60.(t)0000000000000000O00O0O00O00D0DU0O00O0OO0O0O0O0ODOOOO
O0000000000000000000000000000000000 Oyps(t) 0 0.4(t) O
gbobooobooobobboooobboobboooboooooboboooobooooboboon

gooooooooon

3.4.3 00000 gut)

0000000000000 6(z¢) 0 (3.12)00000000000000000000 g,(¢)
00370000000000000000000000000000 gu()00000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000

00000 g,000000000000000000000000000000 P,0000
006 000000000000000000000006(z,¢) 0000000000000
0000000000000000000000000000000000000 6(2,¢)000
0000000 ¢,()000000000000000000000000000 (Kazama and
Okubo, 2009)0 0000 ¢,000000000000000000000 ¢=100-120 [day] O
0100 mm 000000000 4.5 pgaldt =190-200 [day] 00 130 mm 000000000
58 ugal 000 000000000000 2000000000000000000 0.044-0.045
pgal/mm 00 0000000000000000000 0.042 ggal/mm (3.12000)0000
000000000000000000000000000000000000000 PyO0
000000000000000000000000000 (03.32000)000000000
00000000000000000000

0000 gas(0 3.7c000)0000 ¢, 0000000000000 2pgal00000O0O0
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gboooobobgooooooboobooooooboboooooboobobooobooD

gbooooboobooboboboboobooobo

Ag(t) = gobs(t) - gw(t) (3.18)

0038 000000000000000000000000000000000000000
00000000000000000AgOO00 peak to peak 00 6 pgal D 0000 pgal 00
000000000000000000000 A¢g0000000000 (RMS) O 0.98 pgald O
0000000 (¢>90 [day])) 0 RMSODO 0.92 pgal 000000000000 (~ 5 pgal) O 20
%O000000000000000000000000000000000000000000
0000 1pgl0000000000000000000000000

0000000gws0 ¢g,0000 1pgl00000000000000000000000
0000000000000000AgO00000 (038,000)0000000A¢gO00
0000000000000000000000000 (000 ¢~ 115 [day] O ¢ ~ 240 [day])O

0000o0oo0oo00o00Ud g, 0000000000000 0D0D0OODOO0OO0OOOODOO

30 . . 1 . . 1 . . 1 . . 1 . . 1 . . 1 . . 1 . . 1 . . 1 300
£ | a0 E
'S 20 i
h; | fi
Q40 dsnow - 100 5
(7] | D-.o_-
© — P | o0
0 L
0 30 60 90 120 150 180 210 240 270

Day of Year 2009 (JST)

0 38: (a) 00000000 gs 0000 9,00 AgDODDOOOOOOOOO0DO0OO0O0 gsnowd

(b)DOOODODO0O00UO0000 denoe DO O0OD0OO0OOOOOOODO PO
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D0D0D000000000 (030m?)00000000000000000000000000
gbobobobobooobooooboobobobobooboboobooboboboobooboboon
I A T I I
gboboboboboooboobobobobooooboboboboboobooobobon
0 P(z,y,t) 0000000000000 O0OOODOODOOOOOOOOOOOOOOOOOOO
gbooboboobooooboobobgoobobooboboboboboooobobob 10
googn

O00AgO0OO0O0 30<t<90 [day)) UDDOOU0ODOOOO0DOOODOOOOO3.7c0000
gboooooobob ¢, 000000000000000O000000O00O0O0O00O0O00O0 ges U
gbogbouooboobbdg,00buodbooboobuoobuoobooboobbobba
gbooooboobbooboooobooobooboboobboobooobd ges000O0
gbbodbbuobbuoobobooobooobbuoobbuoobbuooobooobobod
ooboobooooobotdlemdOdbDOO0 —-01pgalODOOOODOODOOODO 38000
O0000000t~35[day]0 t~50[day|]000000 AgO00O0O0000O0ODOOOOO

gbooodbobdgp 0000000 onoooboboobobbonoo3.90boon
o000 (r,z) 0000000 ROOO2HO000O0O0O0O0O0OOCOOODODOD (,H)bDODODOO
ooob00obo0obobobUub z=000r>RO000000 z=2H00 r<RU dspow U

gbodgboogboobuogbooboobuoiobuodbudibldgmew ddboobooaonbooo

o0 rdr R rdr

R (12 + H2 r2 + H2)3/2
= 271G Psnow dsnow (2cosy — 1) (3.19)
AN
- - — dsnow
N Ve
N /7
H\ Ve
e N
Ve g Y h N
Ve N
AN
U
-00 -R 0 R o

039 000000000000000
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0000psmew 00000000000 y0 tany=R/HOOOOO0O0O02000000000
0 psnow = 300 [kg/m?] (Heki, 200)0 000000 H=25[m] (3.3.1000)000000 (0
00350m?) 0000000000000 R=11[m000000000001emO00000
00000 genow/dsnow ~ —0.07 [ugal/em| 0000000000000 38200000000
00000 (~—0.1 pgal/em) 00 0000000000000000 Ag0O000000000
00000000000000000000000000000

00000000000 Ag0000000000000OODOO0Forward modeling 0000
000000000 geneo() 00000000000000000 dsnew(z,y,t) 0000000
000 penow(t) 0000000000000 000000000O0O0O0000O0O0O0OOOO0
0 (eg,00000,2003)0000000000000000000000000000000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000 g,()001 pugal 000000000 gu() 00000

00000000 (3O 3.7¢)0

3.44 0O00O0OO0OOOOOO

1.300000000000000000000000000000000000000000
00000000000000000000000200000000 (: 0000000, 2:0
000000)00000000000000000000000000 ¢,000000000
00000000000000000000000000000000000000200000
00000000000000

()000000000000000000000000000000000000000OImanishi
etal (200 0000000000000000000000000000000 Re(H)0000

000 E(t)D00D000000000 QUOOD0O00¢0000000 ga(t)O
gA(t) = 0.0419 x [Rtgt(t)—EtOt(t)—Qt] (320)

O00000000000000000000 [pealD0 00000000000 0O0O0O0O0O [mm)]

goboobooooobooy k00D b0bO00DLO0 B0 0ooobooobooDbo
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o000 OO0000oooooooo0oOooooooooon
(2) 0000000000000 0O0O0O00OOO0U0OODOO0O0DOODOO0ODUOOOOOO
0000000000000 000000000000U (199000000000 0oooOoOoo

0000000000000 0000000000 D ge(t)0D0O0OOAHDOODODO

gi(t) = 0.0419 - 60 - h(t) (3.21)

000000000000 000000000 [peal)D000000 mm|00000O00O0OOOO
0000 A()DO0O00COODOOO0OCOOO0OOOOOOdDODOO0OODOOODODODODOUODOD
oooooo

O000200000000000000 gas(t) 000000000 3100000000000
000000000000 g4 (00)0000000 @=10mm/day] 00000000000
00000 gp (00)000000OOd=0000000000000000002000000
0000000000000 MO00000000000000D00O0000 gs (DO)OODO
O0O000O0O0O00bODOOoO0OoOoOobDOobOOOORMSOODODDO 114,120 pgal00D0OOO
0000000000o00U0o0U0oo0 g, (ODO0)ORMSOOOUOOOODO

RMSOOOOODOOOOOOOOOODOOODOOOOODOOOODOOObOOOOODOOD
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UgpgU0O0000O0000O0D000000 ¢,00000000 gepsU
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0000000000000000006(z,¢)00000000000000 64(t)00000
00000000000000000 g,() 000000 ges() 00 1 pgal 000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000 Ag()000000000000000000000000000000000

boo—>0bo0—[0boobbooboobbooboobbooboobobooobooonooo
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4.1 0000
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4.2 00000

00000000000000000000 (00 1406 m) 0 1933000000000000
g00bO0obO0ooOO0oO00o0obOoobOOooDOOooOO0oobOobOOoDOOooO0oobOOobOobooOobDooo
0000000 (e.g., Minakami et al., 1970; 0000, 1975)000000000000000O0O
gboooboobobo e oobooboobooDbo
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0000000002040 0000000000000000000000 (0 1.100)02005
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— o)
— Gt
R(t)

240 250 260 270 280 290 300 310 320 330

g [ugal], R [mm/hour]

- T : T T T - T - T T - T
190 200 210 220 230 240 250 260 270 280 290 300

Gravity Reference:

2004: 979,527,895 pgal
2006: 979,528,015 ugal
2007: 979,528,020 pgal
2009: 979,528,010 pgal

. ‘ —
20 30 40 50 60 70 80

Day of Year (JST)

04.13: 00000000000000000000 gas(t)00000000OOOODOOOOODO
000 n(x))0000000000000000000 ¢g¢x) 0000000000000 0 RO
00000000 g 0000000000000 DO0O0O0O0UO0O0O (d)0000O0ODOOOOO

(a) 2004 0 O (b) 2006 0 O (c) 2007 0 O (d) 2009 0 O
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© 0 e ey et — — — — — = = = = = 5
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-10 1 +¥
o DOY: 254.4
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10 -
r 1
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O000000000 ASOODOCOOO0O0O0 Ap00000O0DDOODODO 417p00000DO
O000000ooO0o0o000oDooooOU0U00DOoOD ARODODOOODODOOOODODOOOOOO
O00000 ASO0ODODOO0O0 AR 000000O0O0COOOO0SENOODODOOOOO
gboobobooboooboboobobobooboooboboboboDoboobobobOoDbOobDOon
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O00D0O000OC00DO0O0DO0O0 Ax00000DDOODO AzOO

Ae = — 1 A (4.17)

tan o — tan ¢ '
tan o«

Az = — - Ah 4.18
: tana — tan ¢ ( )

gbbooobooboobbuooboobbuodbbwddobboobooboboon

AS = wV/AR2+ A2 = w Ah (4.19)

(tan o — tan ¢) cos «

O00C0000000opDoooO0O0 AQUooooooooo Aa-O

AR = V,-AS - -sina

(a) Flat Base Model (b) Sloping Base Model
%
2.

0417 0o0ogoobooboooboooobooboboooboooobobooobogoogonooDo
000000000000 00000000000DO0O0DOD0O0000O0OO0O0(OO00O0ODOD

O00000((M) 000000000000 oooo
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= K, @ AS sina
oz
tan o tan ¢
= Kpow —""5 Ap 4.20
hs W tana — tan ¢ ( )
AQ
Ah, =
w Vy
_ K;s tanatan( AR (4.21)

V., tana — tan(
000O0O0oOOodoo v,000b000b00d000oDK,0bo0o0oooooboooy,0oon

gbogoobbooobooboooboobboooboon

tan tan -1
AQ o Ahy o tana —tan¢ [tan( _1} (4.22)
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ooobooOooooooOo¢oooooo0obo0o0y0dy=0000D00O0DOOOp
(0 4172) 0000000000000 O0O00OCOCOOOOODOOOOOOOOO (2140)0 10

0000 (8/ot=90/oy=0)0000000000000000
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2 2
tan ¢ = ‘caurlfy—i-\/tam2 v+ 4tan® 8 (4.24)
000000000000(4.22)00000000 (=A()000)0
2tan o !
A = -1 x AQ x Ah, 4.25
@ tany + /tan2~y + 4 tan? @ (425)
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100 o
—~
3 10 A -
<
1

0 418: 0000000~00000000 AQODOO Ah 0000 A(v)O

92



400000000000 45000000000000

00000000000 0000000000OD000000D0000 AQDOODOOODOD
Ap, 0000000000 0ODOO0OOODOOODOO0ODODOOOOOOOOOODO(D470)0O
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Flat Base Model
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Time
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000000000000000000M(zy)0000000000000000000000
0000000 (Aizawa et al., 2008; Aoki et al, 2009) 000 0000000000000
000000000000 gus(t) 000000 ¢,() 00000000 414000000 Ag(t)
000000 0.20 pgal/day 0000 0000000000000 0000000000000
0000000000000000000000000000000000000000000
000000000000000000000000000000000000000 (0 4.19)0
0414000000000000000000000000000000
000000000000000000000 0.20 pugal/day000000000000000

000000000000000000000SENOODOOONOODOODOO
AQspring = 1.7 x 10° [m?/day] (4.26)
000000000000 LO0000000000

AC?loss = 7TL2 ) % (427)

000000000000gge 000000000 1000000000006g(L)00000OO
0L0001mO000000000O0O00O00O0OO (Figure 10 in Kazama and Okubo, 2009)0

OoOooOSseNOOOOOOOOOoOobOOO00ODOOoOobObOOOoOOoobbOOoDoo

AQspring = AC\?loss (428)

dg(L)

-0 Gslope = AQspring'

gboooboobobogoobooobg comboooboooboooobooboboooon
000 (Kazama and Okubo, 2009) 0000000000 1.2km 00000000000 O00O0O

dg(1200) = 51.6 [ugal/m] 0000000 (Figure 10 in Kazama and Okubo, 2009)0

51.6

_ 3
gSlOpe - 17 X 10 X m

= 0.194 [ugal/day] (4.30)

O0000002004200700000000 (0.20 pgal/day) D000 0OODODO

00020090 230 00000000000000000O (-0.25 ugal/day) D00 OO0O0O
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000000000000 2/300000000000000000000 AQepring 00000
002/300000000000000 gsiepe >~ —0.13 [ugal/day| 0000000000000
oboooooooooobob 3oemboboboboboboobobobobobobob
gboboboobooboooboobooboboboooobobobooDooooooboboo

oo0o02090 230000000000000O

40 |em| ; t=35.5 [day
dsnow = [ ] [ ] (431)

22 [cm] ; t=68.5 [day]

O00000000000020000000000 pspow/pw = 0.3 (Heki, 2004)01 mm 000
0000000 §g(L = o0) = 0.0535 [pugal/mm] (Kazama and Okubo, 2009) 00000000

Ubooooboodibid gspew U

) Psnow ] Adsnow
Puw At

Jsnow = 59(00) = —0.09 [,ugal/day] (432)
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Slope Correction:
2004: -0.20 [ugal/day] for t > 294.3 [day]
2006: -0.20 [ugal/day] for t > 197.3 [day]
2007: -0.20 [ugal/day] for t > 254.4 [day]
2009: -0.25 [ugal/day] for t > 34.3 [day]

. ‘ —
20 30 40 50 60 70 80

Day of Year (JST)
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000000 ¢,()000000000000000000000000000 gu(t) + Age(t)O
00000000000000 ROODOO0OO0OOO000000000000000000000

0(d)00000000000a) 200400 (b) 20060 O (¢) 2007 0 O (d) 2009 0 O
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I

Osumi’

{ Penins}lla

&7/
6

2 4

Shimomura

300 600 900 1200
Elevation [m] Kaigata —#

-12 -10 -8 -6

4 2
Distance from ARM [km]

0 51: 000000000 (0000000000, 199b 000) 000000000000
0000000000000000O0000 (CooooO)DOooDoDUoDUDUOUOOoOoooDoOo

O0000000000AMeDASOODOCODOO
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gsb0oogpoboobogn 2000000

1981) 00 0000000000000 O00U00UO00U0O0O0LOOO0D0O0OUO0OUOODOOOO

O0000000000000000000 (eg, 000000000, 2009)0
gbobgobooooobooboboooooobobobobooooooboobobobobo

go2o0080 4000000000000 OOOOOOOOODOODOODODODODODODO

gboooooooooooooooooooooooooooboooobooonDog

5.2.1 0O0OO0OO

0522.00000000000000000000000000 R#)00000000O000O
R(t)00000000000000000000000000000000000 (0000
000350m)000000000000000000000 1.0mmO000000000000
0000000002080 6000 (£~ 165 [day])) 00 0000000000000 (00O,
2009¢) 000 500 mmO000000000000000020800000000 2226 mmO0
000000 (~ 1500 mm/year) D0 1.50 000000 (907 mm/year) 0 250000000
01000000000000002009000000000000020090 800000000
017mmO000000000000000000000000000000000000000
000000000000000000

000000 Penman 000 (2550)0000000000000000 Ew()000000
000000000000000000000000 7(),0000000 H(t), 31000 n(t),
00000 wt)0000000000 12kmO00000 AMeDASOOOOODO (00 3.9 m; O
51000)000000000 (000,2009)0000000000000000000000
000000000000000 a=02000 ¢ = 2315601 [deg0 00000 hy = 44.8 [m]
(00D,2009b)0000000000000000 Ew(t)00000000000000000
00000000000000000002008000000000 1108mmO000000 (0
550 mm/year) 000000 (0 700 mm/year) 0000000000000 200000000
00000000000000000

000000000000 RyODODOOO E, 000000000000 Pg()00000
0000000000000000000000000000000000000000000
000000000020800000000 1116mmO000000000000000000

googooon
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gsb0oogpoboobogn 2000000

— R(1) Eioi(t) — Ogps(t) A Explosive Eruption
Rtot(t) Ptot(t) o gobs(t) A Eruption
2500 0
__2000] () L0 =
S <
£ 1500 1 L20 &
Reed | E
% 1000 30 :
C 500 - L0 o
0 .
50
0.4
(b)
031 i
2
[e]
D2 |
0.1
30 Il Il
() FG5-#212
20 -
g 101 PR i
= i @":""5
210 - i
o : .
20 - A A ASMA A vy - OV
INAININ NN NN A A A A JaY/AN N AN LI N | DN NI NIEINISIIN NI
'30 T T T T T T T T T T T
50 100 150 200 250 300 350 400 450 500 550 600 650

Days from 2008/01/01 (JST)

0 5.2: 20080 2020090 900000000000000000000000000 20080 1
0100000000000000() 000000000 R#)O0DO0000000000 Rew(t)D
000000000000 Eug#)00000000000000 Py@O(b) 00000000
000000000000 6u(t)0(c) 00000000000000000 gue()000000
00000000000000000000000000000000000000000000

gbboobobuogboobobuooboon
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5.2.2 0O0O0OO0OOO

000000000 00O000O0O0O00oO00OO0O000ODOOO0O(OoOoODboOOso
m0)0000000000000000000O00O0O0O20080 60000000000000
0600000000000 04s(t)00 b2 0000000000 -00000000000CO
(3.10,320)000000000000000000O0OOOOOOOOO

gbobooobooboboo2b0oooboboooobobO 010000000000
O0000000000000000000O00OO0 (D0000: 0045, 000: 0035000
O0000000000000000000000000O0O000000000 (eg,00D0DODO,
1994)000000000000000000O000O0DO00O00O0O0O0O0O0OODOO0OO (O 3.3,
042) 00000000000 460,4s(t) 000000000000 O0DOOOOOOOOOOODOD

gbooopobooboobboobuooboobboobooboboooboonbobo

5.2.3 UO0OOOOO

O0o0000000o00oU0ooooOooD(uoo 8O m OO 0OmMOO0O0OooO (O
O00000000,20060) 000000000 60-100mO00000000O0O0ODODODODOOOO
gbooobooboboobodob ombooboobobooboobobooboobo
20060 30900 000DO0O0OO0ODOOOOOOOODOOOD 26TmMOOOOG65°COOODO
(00oO0D0ooO0oooO,206) 0000000000000 00O00O0O0ODOOOOOODOOO
gboooboobooobooboboooboaoboo

gooopbooob 20060 30000000000 0O0O00OO0O0OODODOODODOODODDOn
0000000000000 000O000O0O0O0ODO0O00ODOO h(x,y)DODDODOODODODOOOODO
000000000 (40)0000000O0O0OD20000000000000000OOODO
gbogogos20bodbooboobobobobbooboboobas2booboabaono

googn

5.2.4 U0O0O0OO0OODO

00000000000 FGS (SN: #1090 00#212)0000000000000000O00O0O

0000000000000 000000O (00 30%00)00000000002-3mO0000
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Us000o00o00o00o0d 52000000

0000000000000 000 2m0O00000000O0O0ODO (0B3)D00000O0O0OODO
Jo00oooboo24°ChooboboooobboooboooDoboooOoboDOonOooD
000000000000 0oDo0oDo0D00ooO00ooOO0o0oOO0ooDoDoDoooOooooooDg
000o000ooo0oooooooooooooooogg

000000000000 00000000o0o0D0o0o0o0oDo0oOoo0ooDoo0ooDOooonDO
000000oo0oooooooo0oo0oooooo0o0ooooooooooooooooog
000 LANOO0ODDO0ODODOO0O0000DODOo00DoDoO0ooooooooooooooon
O00D00o0O0o0O0OO0O0ODODODODOOOOO USBOOOOOOO (DoCoMo A2502) 0000 (O
53) 00000 - USBOOOO - OO0O0OOO0OOO (Panasonic TOUGHBOOK) - 000
LANODOOD - D0O0D0DO0O0pPCO0O000OO0OOO0ODOODOODOODOOOOOODODO
000000000000 IPOD0ODOOODOO0ODOOOODOO0ODO0OO0D0O0OO000O00O0O Cygwin
O cygrunsrv, crontab, ipconfig, email 000000000000 IPOOODOO 10000000

gboboboboboboooboobobobobobobobobobobooooooz2o0080

wmmit N |

Arimura Observatory
1-2m

. o~/

AG Mobile s |
Door > 1
80m (a.s.l.)

053 000000000000000000DO (AG)DODDODDODDODOODODUDUODOOODODAGOD
Ooo00ooOooO0ooOoo0oOoooooO0ooooO0ooooOoUooDoOoOooDoOog AG

gboooobooon
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gsb0oogpoboobogn 2000000

0070000000000 000002008000000 (Dropd)0 187000000000

0000000000000 00000005100000000000 gas(t)00 5.2c00
0000 20800000000000000000 gas(t)0000 b pugal000DOOOOODO
020pgal 00 0000000000000 MT000 (052000000;000,2009d)000
0000000000000 0000000000000O00 (D00 t~100[day))DOOOO
gboboboobooooboboobobooobooobobobooooobobobOoDbOobDOon
000000000000t~ 150[day|0 t~170 [day)] DO 0O0OO0O0OO0O0OOO0OOOOOOO
gbooboboboooooboobooboboobooooobobobooDobooooobUoboo
gbobobobooobooobooboboboboobooooooboboboboooboboon

00000000000000000000 (e.g., Imanishi et al., 2006; Nawa et al, 2009)0 O

2008 O 2009 0
4-60 7110 460 790 (OO
FG5000000 | #212  #212  #212  #109
1set 00 drop ng 100 50 50 50
Set 00DO0DO [min] | 60 120 60 120
00 [deg] 31.5601
00 [deg] 130.6724
00 [m] 80.0
0000 [hPa 1003.68
0000 [pgal/cm] —2.590 LaCoste 00O OO0OODO
0000 [pgal/hPa —0.3 Merriam (1992)
00 d-factor 1.164
oooooo ETGTAB Timmen and Wenzel (1994)
oooooo GOTIC2 Matsumoto et al. (2001)
0000000 NAO.99b Matsumoto et al. (2000)

gsl:0000booooooobooooboobooon

00000000000 000000000000000000000000000000000000M000
goooboooooooobob icoomboooboOoboO0o0omoooooooboooooobOboooooobobooboobooon
gboobdobo
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gsb0oogpoboobogn . 300b00d0nogn

gobobobooobooboboooooooobobooooboboboooooboboonDo
gg2000000000oobooooooboobboooooobooooooobooobooboooo
Oo0o00 (0 bs2c0000)DO000D00ODODODODODODODODOOOOOOOOOOOOOOO
gbobobobomoboboboboobooooooooo 20090 70000000000
FG5-#21200 FGH-#1090 0 0000000000000 0CO0O0O0O0O0OODOOODOOOOO
U00gyps OO O00O0O00O00200000000000000000020090000000
goboobooboboobooobooobooboobooboooboobboobobooboo
gboboobooboboooobobobobooooboobobobobonooobonbo
00000000000tz 580[dayl] D0 0000000000 OOOOOOOOO2009000
gobooodoooooooboobooooooboobbo0bboobobD0ouoDODgso <t <500
[day] DO0O0O00D0O0O0O00OO0O0S pugal00D0O00OO00O0O0O0O0OODO0O0O0OOODOOO
0000000000000 00000000O0OD2090 0000000000000 0O0O0OO
gboooooooooooooooooooooooooooonoo
gbooooboboooobobobooooboboboobobooobobobooooon
gbbodbbuobbooobooobuooobboooboboobbuooobooobobod
ggoboooobboobooboooobboobboooboobooobobooobooboobooon

gbbogboboobuoobboobuoobbooboobbooboobboooobooobobo

5.3 UUuUuooon

5.3.1 0U000O0OOOO0O0O0obOObOOOo

gbooobo20000b000b00b0o00boobobobooobooobooboobooob 2000
O0000000000000000000000000000000000000000A0 g4(t)
gboooboobod

(1000 1000000000000000O000000000DO0LO0OO0bOoO0OoOO0OO
gbbodbbuoobobooobooobooobbooobobooobbuooobuoobobooon
000000000000 00000000D0000000 (O 5.4; Vacher, 1988; Schneider and

Kruse, 2003) 0000000000 p,000000 p, 0000000000 OOOOOOODODO
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0000000000 Ghyben-HerzbergOD OO OO OOOO

hi-ps = (hi+h2)-pw (5.1)

S0 h = P ha (5'2)
Ps — Pw

Oo0odOmODOOO000OOO00OOoOoooDOoO00oOkODODOOODOOOOobOOOOobODOOOO

000 (054)00000p, =1.000 x 10%, p, = 1.025 x 103000 0 00 (Vacher, 1988)0
hi = 40 X hy (5.3)

gboooobooboobbodbtboo 1m0 booboo—->000b000b0booooo
40mbO000000O00OOODOODOODOOOOODOODOOOOODOOOOOOODOObODbO
gboooobooboobbooboooo

goooobooboobobooobobbooobooboobbooobooboooboobooDboD
000000000000 h(x,y,0)DOOD0O0OO0OOO0DOODOOOOOODOOOO (5.3)000
—40 x h(z,y,0) 00000000000 O0O0O0O0OODOOO N(z,y,t)DOODODOODOODODODO
gboboobboboboooboboooboboon ﬁNDDDDDDDDDDD %NDD
0000000000000 00000 000000000 —40 x h(z,y,t)DO0O0O0DOOODO
0000000000000 00000 Ghyben-Herzbergd (5.30)000000000000O
gboobbooboobboobooboo

0000000000000 000000000 ¢g,(t)0000 (2250)0

gu(t) = g1(t) +g2(t) + g3(t) (5.4)
hg(z,y) e
t) = —Gpuw 2 1) 22 drdyd 5.5
a1(1) p/// _— 0(z,y,z,t)——dzdydz (5.5)
zZ=+h,[m
________ 2_[_]______ ;=0
Fresh W
resh Water 2= hy [m]
Sea Water
Z=hb

Impermeable Layer

0 s4: 00000D0O00OO0ODODOODOOO
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)y7 z — O
g2(t) = —Gpun /// 3 dxdydz (5.6)
=—40h(z,y,t)
—40h(z,y,t) » _
g3(t) = —Gpsn /// : ZO dxdydz (5.7)
z=hp(z,y)

D00000000000g(#)00000000000g(¢)0000000000gs(t)000

gbogobogo3gbobooboooooboonboo

hp(z,y) < —40 X h(z,y,t) 0;0 for all (z,y,t) (5.8)

000000000000000000 hy = —400 [m], (—40h)max ~ —230 (m] 0000000
00000000000
[200000000000000000002000000000000000000000
0000000000000000000000000000000000000000000
1km000000000 (051)0000000000000000000000000000
0000000000 g,()00000000000000000

0000000000 10000000000 (0000,1999) 0000000000000
000000000000000000002z<0000002>00000000000000
0000 (055)00000:00000000000004a;,t000000 2 (>00000

0000 k(z,t)DOOODODOOOOOO

z t T
hi(z,t) = ;ai - exp <_d,> - cos (27Tti - dz) (5.9)
Khe - h
d, = hs “70 4. (5.10)
n-mw

O00D0q;00000D0K,,,0000D0O00O0AR00D0CO0O0OnOO00DDOODOOOODDOO

0000 20000004¢0000 exp(—2z/d;)0000000000O00OOOOO

x=0 X

gss5: 000000000000
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gboboboboboboboboboobobooboboboobooboooo

Kps = 3.5x107% [m/s] (5.11)
ho ~ |hb| = 400 [Hl] (5.12)
n = 05 (5.13)

goooooboooboooobboOoobooooooobDooDbO0 g, OboOoDbboOos2000D00
ooboboooboob ¢ 00 7ombObbb0O0bD0Ob0o00oboobobDboobooLDobobo
O00000000026km00000000 (05100000)0000000 ;000000
oobooooobooM200000000007Mem 00000000000 0ODO0O0O0O 1 km
0D000000000000000000M2000000 1.3x1077000000 1.0x 107°
cmJ000000O0DOODOOOO0OOO0ODOOO0O0bO0bOobOobLOobLDOobDoOoboobOoboOobo
gbooobboobuodoboobboobooao
00o0000000o00O0D0o0o0o0o00o0oUDO0ooOO0DO0oUO000O (ze,y)0OOOO

gboooboboobooboboaboo

P = 0 (514

uad uad good |oooogog o oo ud uodd |godogad

i t; [day]  d; [m] a; [cm] i t; [day]  d; [m] a; [cm]
Q1 1.120 92.849 4.247 2N2  0.538 64.349 2.081
01 1.076 91.018 20.265 N2 0.527 63.730 14.066
M1 1.035 89.263 1.429 M2 0.518 63.129 78.085
P1 1.003 87.873 8.744 L2 0.508 62.544 2.164
S1 1.000 87.753 0.182 S2 0.500 62.051 34.234
K1 0.997 87.633 26.081 K2 0.499 61.966 9.715
J1 0.962 86.089 1.548 M3 0.345 51.544 0.864
001 0.929 84.599 0.748

0 52:0004+00000000000000 00000000 (0D000O0O0O,1994)04d;0
(5.10)0 0000000000000 0000D00O0O0DO0O0O0O0O00000 ;00BAYTAP-G

(Tamura et al., 1991) 0 20080 1-12000000000000000000O00O0O
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(0000000000000 00O0U000C000DDO0DLOO0ULOOUOO0OOOO
O000000300000400000000000000000000O0O0O (O 3.2,04.3)00
00000000000 2-3mO0000000000ODOOODO (Os3)0000D00ODODODODOO
00 12m0O00000000000000O0O00O0OO0O0O0OOOO0OOOO0O0OD0O0 (5.2¢)0
gobooboobooboobooboooboooobooooooooobobobooboboobo
gboboobbouooobooooboboooboboobboo 3boooboobooooboonbooboao
gboooooooooooooooooooooooooooooon

0000000002mDEM (00000000)0000000O0O0OOOOO0OOOODOO

gooooooooooooooon

00 (yoO0OO) :  31.5602 [deg]

00 (zgOOO) : 130.6720 [deg] (5.15)

0000 hy(zo,y0) : 85.2190 [m]

00000 2z :  83.2190 [m]

0000000000000 002m0O0000 (O 5.3)0

000000000000 g,() 0000000000000 0O00UO00SMOOOOOOO
O00000000200m000002m0000000g,(t)00000 (b40)000000
gobbotd2mobooboooooobogboboobobotb 2 DEMOODOOODOOODOO
0000000000000 0000000000000000O00O0O0 (31.5602 °N, 130.6720

°E, 83.2190 m) 00 O 1 m (82.2190-84.2190 m) D00 0000 O0OOO (540)0000000

5.3.2 UU00OO0OOOOO0ODLODOOO

0000000000000000000000000000000000000000000
(1) 000 hy(z,y) 0000000000000 (1997b)0 DEMOOOOOO00O0O0000OO
00000 DEMOOOOOO1.5000000220000000000000000000

gb10b000boooobooboobooon

00000 Az = 59.28 [m] (5.16)

00000 Ay = 4631 [m)
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0000000000 (230,235 0000000000000000DEMOOOOOOODODO

he(xz,y) 000000000000 O000DO0O0O00O0O00DOO0OOO0OO0O0OOOOO00

Py = Ro—Ey
= 2279.0 —964.0

= 1315.0 [mm/year] (5.17)

0000000000000 0O0Ry0O AMeDASOOO (O 51000;000,2009%)0000
O0000O0EyO AMeDASOOOOOOOOOOOOOOOOO Thornthwaite DO OO (2.52

000)0000000000ooooooooo
P(t) = R(t) — E(t) (5.18)

0D00000000000000000R(#)00000000E(t)D Penman0 (2.55) 0000
0000000000 (O 4.2a)0

(2) 0000 h(z,y,t) 0000000000—000000000000000000000
0000000000000000 h(z,y,t)0000¢000000000000000000
0000000000000 (2560)0000000000000000 N(z,y,t)0 1/4100
00000000 (5.3.1000)0

(3)000000 h(e,y) 00000000000 00000000000000 hy(e,y)00
0000 (0000,2008)00000000000000000000000500mO00000
—400m0000000000000000000000000000000000000000
0000000000000000000000000000000000000000000

doooooooobooooooooooon
hy(z,y) = —400 [m] (5.19)

0000000000000 000000O0O00000Oob0oO00OOO (2.580)0
(4000 (z,y)0OODODODOOOOODOOOOOOOOOOOODOOOO (e.g., Vacher, 1988)0
0000000 (040km) 0000000000000 OOOOODOOOOOOODOODODOOOD
000000000000 000O00O0000000Oo0o00DoUo00DoOMOODOOOoo (5.140)0
(5) 000 (zqyyq) OO0ODDOOODODOOOOOODODOOOCOOOOOOOOOOODOOOOO

0000000000000 000000D0DDO0O0ODO0O000000D0OOoOooOoDO (e.g., Toth,
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1962; 0000,1998)000000000000000O00O0O0O0O0O0O00O80mMOOOO (xg,yq)
O00000000000000000000 00000000000 (2600)00000000

obooooooooooooooooooooooooooooooooooooon

5.3.3 UUOOooobOoooon

0000000000 00OO0000OO00o0ODOO (2490)00000000O0ODOOOOODO
0000000000000000000000000000000000U00O0 (0O, 2003)00
000000000000 000O000O0O0000O00 (e, 0000,1991; 00000, 1994)0
gboboobbooobooobooobbooobooobobooobooobboobboo

gbooooboaobooan

K,s = 5.0x107% [m/s]
Dys = 1.0x 1075 [m?/s]
a = 7.98
(5.20)
b = 1.16
Opmin = 0.00
Omaz = 0.50

0000000000000 00000000 (0000,1991; 00000,1994) 000000

gbooboboobuoaboban
O0000000000000 (K, n)OOOODDOOOODOOODOOODDOOOODOOODOO

gobooooobooobooboobiboobD KpsOoooooooboobooboooobooobo

00000 (2008)00000000000000000000000000000000000
Kps = 3.5 x 1074 [m/s] (5.21)

gbobooobooooboooooboooboobbooboobooobobonbboobobooobooo

0000000000000 0000000000
n = Omew = 0.50 (5.22)

0000000000000 000000oo0o0ooooOO0o0UoOoDOooUooO (5.20-5.22
0)0oOooooOOoOoooOoUoooOoOoO0oU0OO0OU0DOoOoOO0DU0ODOOODOOoUOObODOOoObO

gboogobooboobboobuoobooobobod
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5.3.4 U0O0OO0OODOOO

gboooboobooboooboobooboobobobooooboobooboo2300b0000000b

gboogoooboobobooboooboobooooboon

e J0DDDODONONONmMOIODODDD (O 80 km?)O
e 0000000 DDOOIDOOOODO SO M DEMOOOOOOOO0O0DOOO hy(e,y) OOO
hy=—400  m|000000000O0O0O (5.3.20)0

e J0IUDODODODODODODODO (5.20-5.220)0000000000O0OODOOOO

gooooooooobooooooooooooogonog

0000000000000000000006,(Z)00000000000000 hy(z,y)
(270)000000000000000000000000000 (—40 x hy(z,y)) 000

000000 (5.3.10)0

00000000000 (2140,2190)0000000 (2.300,2.350)0

000000000 Az =59.28 [m], Ay = 46.31 [m], Az = 1.00 [m], At = 600.0 [s]O
e JOUIOO260000 532000000 0O0O0O0O0O0O0OUOOOODODDODDODDODOOOOO

000000000ooo0o000 N(z,y,t)O0 1/41000000000

000000000 h(e,y) DDODOOOOO RROOOODOODO

gbobobobobobobobobosoobobobobobog

gbboobobooboobboobuoobbooboobo

e 00000 ODODODOOOOOOODOOOO 6(zx,y,2,t) D0 000O0OOOOOODODO
hz,y,t)0ODOOO0OO0O0O0OO0O0OODOOODODOOOOOOOO (—40h(z,y,t) 00000

00000000 (5.3.10)0

0000000000000000000000000000 hye,y) 000000000
0000000000 6,(2)000000 4(z,y,2,0000 (270)0

e DD OO0ODOODDOODUODLDOODOODLDDOO

000000000 hy(er,y)DODOODOO P)OODOOOOOODOODOOO

gobgogdz2o060 100020090 90000

O0o000oo0oU0oo0oUn ¢,(t)000O0OO0UDO0O0ODODOO
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e« 1000000000000 00D0OOOOOODNDNDNON (5400000000000
0 (54)00000000000000 (24000)0

gboooooobogoboooobobobooobobooooboobooooboboobobn

gobbh20mO0000000000O00000SMmOO000O00000 2m0OnOnOn0

gbob2mO0OooOOoOOoDOD0ODnDO

oboogoooooob20mbobobobobooob0 2m DEMOOOODOOOO

ooooo0somDEM OOOODO

0000000000020 mO00 Az =Ay=20m0000000 Az = 59.28 [m],
Ay =46.31 [m], Az = 1.00 [m]O
e J00DDDUOODOO 31.5602°0 00 130.6720°0 00000 83219 m (OO0 2 m

00)0

googobooboobboobuoobbooboobooobooboobobooboon

54 0O0OOO

54.1 000000000 hy(x,y)

056b000000000000000000000DOO0O0O0O0O0OOO hs(e,y)DODOODO
gboboboboooboooboobobobobooooboboboboboboobooboboon
ooodseemUiddpooooooobobooooboooooobooooboooboognD RO

0000000 A(r) 000000000000 O0DO0O0OOOO (e.g., Haitjema, 1995)0

G -
H — % R (5.24)

gboobr-0D0b0oo0oboooNDODOO000KOODOooooboobooboboboboo
ooboobooooooobooobogsebbbbbbOobDOo0ODLOOO0DbOODO

O JOOgogoooboooboboboboboboboboo

= Py/41 = 1.0x 1077 [m/s] (5.25)
= Kps = 3.5x107% [m/s] (5.26)
= 5.68 [m] (5.27)
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(a) >°°® -
_ o * .
% | o © % % Nittekko Consultant (2006)
S @ Ishihara et al. (1999)
e

O © Ohba et al. (1999)
<10 Ohshima (2008)

T T T T T
10 12 14 16 18 20

r:(obs) [m]

N
LT : (b)
741 0 1 2 3 4 5 6 g X = -
Water Level [m]

Distance from ARM [km]

(o\

Akamizu
Pumping Wells

-3 -2 -1 0
Distance from ARM [km]

0 56:(00)00000000000 he(e,y) 0000000000000 (05.7)000000
00000000000 0mO000000000000000000O0O0O0O0OOOOO(OO)
000000000000000000000000000 heD00000000000000
0000000 hy0OOOODOOOO0O000000000000000000000O0O000
00000000000000000000000000000000000000 (2006)0 0
00000000 (199900000000 (1999000000 (200)0000000 heps = hea

goooooboan
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gsb0oogpoboobogn 5.400000

0(.24)00000000R=4730m|0000000000O0OOO0O0OOODOOOOOOO
O000000000000O0O0O000000 (00 10kmO0O00O 12km) 00000000000
00000000000 0000oO000oo0oUo0oUoO (Oos56b)D0000ODODOOODOOODO
gboooobooobooobobooobooon

00000000000 (heuOOD)ODOOOOD s 0O0ODODOOOOO 62000000
O0000000000000000D040000 (00O,1999; 00,1999; 0000000000,
2006; 00,2008) 0000000000000 0UO0OOOUO0OODOOOO —100mOOO0OOO
OO00000000ARqO hps OODODOOODOOOOD 1, 0000000 £2mO000000
goboobbooboobbbbs=y00O00o0OO0o0OO0DbOOO0ODDOOODOODOOODODO
DDDDDDDDDDDD&DDDDDD(DDDD)DDDDDDDDDDDDDD(D 43m)000 15
mO0000000000000000000000000(DOOooO,198)Y0oooooooo
O0000000000000000000000000 (e.g., 0000, 1987; Wu et al., 1999)0
00000000000 (ooo)ooooooooooOoOoODOO (-1dm)OO0OO0DODODDO
000000001002000 (000000 1km)00000 (O 40000 m?/year ; 0000
O000,00)000000000000000O0O0OODO0O0O00O0OOOOOOOOOOOD
gboboobboooboooboboooboboooboobboooboooboboonbboo
000000000000 (0 5.6a)000000000000 he(zy,y) DODDODOODODOODD
gboogoobooboooobooboon

googoosryrgbooogoboboooboooooooboboooboooboobooooboon
(05.6b00000)000000000000OU0OO0O0OOOUODDOOODODOOOOKkMOODODO
0000000000000 00000000000000DOOO0 (05 7Tm)O00OO0OO (ODOO
000)0000000000000000000000Ghyben-HerzbergO (5.30)00000
gbbodbbuoobobuoobobooobooobboobbuoobboooboobboon
gboboo =-272m00000000000O0000O00OO0OO0O0OODOO0ODOObOO00bO
0000000000000 0000O000000O0 (e.g., Schneider and Kruse, 2003)0 0 00O
0000000000000 (b.8)0i00Uoo0ooooooooOoO (b.30;05.4)0
gbooooboaobooan

goboogoboooboboobbuoobboobbooobooobooobboobbo

0000000000 (eg,0000O,1987; 0000,200)0000000000000000O
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gs7oobooooboboboboboboobobobobooboboboooooon
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gbooooobooooboobo22b00b00booobobooboobooobooboobooobog

gogbooobobooooooboboobooonoog
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gsb0oogpoboobogn 5.400000

0000000 (eg.,0000,1999; 0000,2009)00000000000000000O0OO
gboboobbuooobooooboooboooboooobooooboboobobooboboon

gboooooooooooooooooooog

5.4.2 0000000000 642)

058000000000000000Os4(2) 0000000000 BG,O00000 Z=0 [m]
0000 (One: =050)000000000000000000000 B, =020000000
O0000000000000000000000000000 64s(yODODODOOOODOOO (D
520) 000000000 (~80m) 00000007 mO0000000O0O0 (O 56b)0000
0000000000000 0,4s(t) ~0200000000000000

00000 B4(zZ) 000000000000 00O000000LOOO0OUO0O0OOOODOOO
0000000000000 00000O0O00000OO0O0OD (4.84.110,5.20-5.220)00
000000000000 0000000000000000 6% 3170)000000OOODO
0000000000000 00000000000000 e (2470)0000000O0OODODO
000000000000 00O0O00UO0oO0O0oUé00UOOLOO0 KOUOOOD
000000000000 KOw) =k (3.160)000000 6, 000000000000

googn

5.4.3 0000000000 6(z,v,2t)

0000000000000 0000000D00O00000 — hs(z,y) OO0 B4(Z2) —0ODO
gboogboooobooboo2oe06000b000000000DO0ODO0ODLDO0OObOOODDOO

gdoooboobbbbdooooooon
hs(z,y) < z < hg(z,y) O0;0 for all (z,y) (5.28)

00000000000000000000000000 hy(z,y) — he(z,y) OO 590000
hs(z,y) DOODOOOO0O0OOOOOOODOOOOOOOOOOOOO (OS1)00O0ODOOOOO
googoogon

00000000o0oo0o0o0o0oD00o0ooOoOO0o000n 6(e,y,2,t) 000000000 5.10

gbooobobobobbobobobobobooooooo-1mdbe0oboobODO
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0 5.9: 000000000 hy(x,y)—hs(x,y) D0 0000000000000 00O0O0O00ODOO

00 (057)0000000000000DO0OODOO0OOOO0OUODOOODOOOOODOOOO
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0 5.10: 0000000000000 0O000000000 0.4t)0000000000 Ab,s(t)0

0000000 6.u(t)0(a) 20080 000000000(b)20090000000000
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gsb0oogpoboobogn 5.400000

00000 64(t) 0000000000000000000 Aby(t) (340)00000000
000000000000000-1mO000000 (20,0, hy(x0,%0),t) = bea(t) (D0 )00
0000000000000000000000000000000000000000000
000000000000000000000000000000000000

00000002090000000 6, 00100000000000006,40000000
D0000000000000000000000000000020090 5000000000
0000000000000000000000000000000000000000000
00000000000000000000000p(2500)000000000000000
000 (eg, 00000,2001)00000000000000000000000000000
0000000000020 000000000000000000000000000000
000000200900 0000000000000 (0520000)020900000000
0000000000000000000000000000000000000000000
0000006,000000000000000000000000000000000 2009
0000000002080 0000006,,00000000000000000000000
00000000000000000000020800000000000000000000

gbooooooobogn

54.4 000000000 A(z,y,z)

00000000000000000000000000 h(ze,y,t) 00 5.11 0000 2008
010-20090 9000000000000000000000 1em00000000000
00000000000000000020060000000 (1166 mm/year) 000000 (964
mm/year) D0 00000000000000000 —0.50cm/year 000 (0000)0000
0000000 AOOOOOOO00000 1 mmO00000000000000000000
00000000000 (~ 1200 mm/year) 00 00000000000000000000
000000 (~7m0000000000000000000000000000 (0 3.60
0)000000000000000000002009000000 (¢~450 [day])) 000000
0000000000 20800000000007%m000000000000000000

0000000000000 00000D0D0DOoDoOoOOOOOOOOD (m)0O0OOODODO
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gsb0oogpoboobogn 5.400000

(5x10°m/s) 00000

75

googoogon
goboboooboooboboobbuoobobooobooooboooboboooboboonbobg
00 h(z,y,t) 0000000000000 OOOOOOOOOOOOOOOOODOOOODOOO

gboooobooboobbooboooboobon

5.4.5 00000 g,(t)

00000 —6(z,y,2,t) 000 h(z,y,t) — 0000000000000 gu(t) (2.250) 00
5120 000000000000000 ¢(¢)000000000000 g#)000000000
¢s() 00 0000000000000000000000000000000 g,(¢)000 (54
0)00000000 (g24¢3) 00 1 pgal 0000000000000 (ge ~ 20 [pgal]) 000
000000000000 ¢000000000000000000000000000000
00000000000000000000000 (00000 7m,220m)000000000
¢()00000000000000000000000000000000000000000
00000000000000000000000000000000000 (e.g., Imanishi et

al., 2006; Nawa et al., 2009)0

T T T T T T T T T T T T T T T T T T T T
0 90 180 270 360 450 540 630

Days from 2008/01/01 (JST)

0 5.11: 0000000000000 h(xe,yo,t) (00)D0ODODODOOO0O0OOO AOOODODO

goooooooooooo
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gsb0oogpoboobogn 5.400000

00000000000 2000000 46,t)0000051300000000000000
000 (05.132)000000000000000O00OO0O0O0O0OOOOOOOODOOOOD
0000000000000000000000LO0LO000OU0OUO0OU (0 3.7,04.13) 0000
gddddooooooooooooooooooooooooooooooooboboboobooon
O0o00000oO0o0oo0UoOo0oo0oUoOoUo (0 s10)000000O0O0OODDOOODO
dddddoooooooooooooboboooboboboboboooooobobooonooononoon
gbobobooboobooooobobobobooobooboboboobobDooboobobo
doddooooooooooobobobobbbobobbobboooooooooooooooooan
gbobobobobooboooboboooobobobobobooboobobobobOobo
0 (Kazama and Okubo, 2009) 00 0000000000000 2 (000000 hg(xo,yo) — 20)
U0mOO00O0OO0OOO0OOOOOOOODOOObObOOObDOObDbOOODbO

0000ooooooooooooooooood 2m DEMOOOOOOOOOODO 2m0O
00000000 (0000051300 b)000 (5.150)0000¢ = 145.0 [day] O t = 168.0
day]00O00D0O00D0O hg(zo,yo) —20=2[m|000 —142 pgal 0000000000000
O (~—-13pgal; 0 5.2c00)000000000000O0O0O0OO0OO0O0OOODOOOOOOODOO
000 —194 pgal (OO0 3mO0O0), —226 pgal (00 4mO000)000000000O0OODO
oo oooouooon

000000000000 hy(ro,y0) —20=20000000000000

o

— - W/ F10 —

g V I E

2 5 20 &

= 94(1) £

%-10* t *30::‘\

(3-15* gz() 40 o
9s(t)

DS}
=

90 180 270 360 450 540 630

Days from 2008/01/01 (JST)

o

0 5.12:. 000000000000C0O000O00O0O0O00O0O gu(x))000000000000 go(t)O
00000000 ¢gs() 0000000000000 0000000000000 g,(t)000 (54

0)00O0O0O00 2080 10 10000000000000000000O0O0ODODO RHDODOOO
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gsb0oogpoboobogn 5.400000

J:i hg(xolyo) =85.219 [m]

in]

Zo[m]: (a) 86.219 (b) 83.219 (c) 82.219 (d) 81.219

60

s0(a) J\/’/
. Mw

20

10

!
b

T T T T T T T
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Day of Year 2008 (JST)
0 5.13: 000000 2000000 g,(t)000000000000000000O0D0000

0000000000000 00000000000L000000D (ed)D 000000 DODO
g(t) 00000000000 ¢t=145m]0¢t=168[day] 0D 0D0O0OOO0O0OOOOOOOOO

gboooooooooooooo

127



gsb0oogpoboobogn 5.400000

0000000000 gu(t) (0 5.13000)000000 ges(t) 000 5.14 (20080 )00 5.15
(20090)000000002008000000 (05.14b)0000000000000 g,(¢)00
D000 gops(t) 00 £5 pgal 00000 0000000000000000000 (140 < ¢ < 170
[day)) 0000 (t~275 [day])) 000 0000000000000000000000000OO
000000000000000000000 Ag,()0000000000000000000
00000000 (042000)000000000000000000000000 g,(t)00
000000 gu(t) 00 00000000000000000000000000000000
000 1000000000000000000000000000000000000000
00000000000000

000000000000 g,()00000000000000000000000 geps(t) O
000000000000000000000000¢~ 105 ([day] 000000000000
00000000000gw 010 ugal 0000000g,00000000000000000
110 < ¢ <120 [day] 0000 gops O —0.5 pgal/day 0000000000000 0g, 00000
00000000000000 g0 ¢, 00000000000000000 g0 gops D00
0000000000000000000 (£~ 185 [day], t ~260 [day] 0 0)000000000
000000000000000000000

000000000000000000000000 Ag(t) = ges(t) —gu(t) 10000000
00000000000000000000000000000000000000 ges(t) 00
0000000000000000000000000000000000000000000
00023 00000000000000000000000000000O0000000
00000000000000000000000000000000000000000000
0000000000000000000

0514c0000000000000 Ag(t) = gops(t) —g0(t) D0 0000010000 AgO
0000000000000AgO00O0000 10,uga0000000000000000000
00000000000 (2-3 pgal; Niebauer et al., 1995) 000000 ¢,() 00000 (~ 3
pgal; 1000 40)000000000000 AgOOOOD0 2008000 (¢ < 210 [day]) 00
00000002008000 (62210 [day) 00000000000000000 5.14b0000
00020080 27000000 (00)00000000000000000000000000

0000000000000 0000O00000ODO0OOODOOOOOODOOO (t~102)0000
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Arimura 2008
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A A AA A AM M AA A A
10 1 o TEruptions

Ag(average)

90 ' 1é0 15‘0 1;30 21‘0 240 27‘0 360

Day of Year 2008 (JST)
0 5.14: 20080 000000() 000000000000 RHOOODODOO0O0000D0 Ry(t)O
0000000000 Ex)0DDODDOO0O00000 Py()O(b) 0000000000000
0000000000000 000000000000000000 gu(1)000000000
000 g,() 00000000 09w 0000 (979,437,747 pgal) D0 D0 D00 00000000 (c)
0000000000000 Agt) =gus(t) —g,()0000000000000000000OO

goooooooogoooogog
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gsb0oogpoboobogn . dgnoognon

0000000000000000 (t~175)00000000000000000000000
00000@MO0000000 Ag000@MO0000000 Ag0000000000000
0000000000000000000000000 Ag()0000000000000000
000000000000000000000000000000

0002009000000 (05150)0000000000000020090000000000
00000000000000000000000000000000000000000000
00000 gu() 00 0000000000000000000000000
20090000000 ¢,() 0000000000 10 ugal 00 00000000000000
Js() 00000000D00000¢>240 [day] 0000000000000 g() 0000
000000000000 200900000000000000000000000000000
00 (4-5m00)0000000000000000000000000000200900000
00000000 (00000000-1m)0000000000000000 (0000 3m0O
0)000000000000000000000000000 ¢,()000000000000
0000000000000000 ge(t) 000000000000000000000 (~ 10
pgal) 1000 ¢,() 0000000000000000000000000000000000
00000000000

2008000 000000000000000000020090000 Ag()000000 5 pgal
00000000 (05.150)00000t~1200 t~13000000000000000000
00000000000000000000000000000000000000000 2008
000000000000020900000000000000000000000000

000000000000000000000000000000000 ¢,()000000
gs() 0000000000000 0000000000000000000 Ag)00000
0000000000000000000000 10pgel000000000000000000
A¢g() 00000000000 MONON0O0N0ONONON0N0ONDNN0N0ONONON0N0N0ONONoNonOO

000 Ag) 0000000000000 O0OODOOOOOOOO

5.5 UOUoonO

00000000o00O0O0O0000o0oOoOO (D 20)00000O0OOOOODOODOOODOO

Oo0o0g,(t) 0000000000000 (0 30)0000 (D 40)0000000OOODO
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gsb0oogpoboobogn . dgnoognon

Arimura 2009
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|
|
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Day of Year 2009 (JST)

0 5.15: 20000 000000() 000000000000 RHOODODO0000000 Ru(t)D
0000000000 Eu(t) 000000000000 Pyg()D(h) 000000000000
00000000000000000000000000000000 ge()00000000
0000 ¢,()000000000000000000000O(¢) 0000000000000
Ag(t) = gops(t) — ¢()000000000000000000000000000000000

gboobobgdgbooobuodobooobuaabo
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gsb0oogpoboobogn . dgnoognon

obooooooooooooooo—-o0oooooooooooooooooooon

e 0000 ODUUODOODODDOOOODUULODOOOUDLOO Ghyben-Herzberg OO (5.3
0)0o00000000000O0OO0000D0D0OOODOOO0OO0DODUODUOODDOODODODOOO
e J00UIDODOULOOODDOD A(x,y,t) DDODODUOOODOOOOOOOOODO (~70m)

gbodobooboobooboobobooboboboboboobooboboooboon

U0 er=0000000000D00OO

000000000000000000000 — 6,2)000 hye,y) —O0000000
00000000000000000000000000000000 6(z,y,2¢) 000000
04,(1) 0000 000000000000000000000000000000000000
000000000 ¢,() 000000000000000 gos(t) 0 +5 pgal 00000000
0000000000000 000000000000000000000000000000
0300000000000000000000000000000000000000000
00000000000000

00000000000000 23 ugal00000000000000000 (04000)0
00000 goue() 00000000 Ag(t) = gops(t) —gu(t) 0000000000000 AgO
0000010 gl 00000000000000000000000000 (000 ~ 3 ugal)O
0000000000000Ag(H)00000000000000000000000000Ag(t)

gbooooboooboooboobooboobooboobon
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el ULULUUOULOUOUOLOODO

000000000000000000000000000000 ¢,()000000000
000000000000000000 (030)000000000000000 ges(t) 000
000000000 1pgal00000000000000000 (03.7,0380000000
0000 (040)0000000000000000000000 ¢,()0000000000
D0000000000000000000 Ag,()000000000000002006-20070
D00000000000000000000 gus(t)00 3ugal 0000000000000
0 (O 4.20)0

000000000000000000000000000000000000000000

googoboobooobbooboobbooboobbooboobbooboobobo

Ag(t) = gobs(t) — {gw(t) + Agw(t)} (6.1)

O00000000000000 Agy(t)=00[pgal ] 000D OO0DO0OO0OOOODOOOOODO

00 Ag(t) 00 0000000000000 OOOOOO0OO0OD0O0OOOODODOOOOOOOOO

6.1 00002004000

000002000000 300 (2004,2008,20090 )0 000000 (00O, 2009d) 00000
00000200400 20090000000000000(00000004kmO0 410000
0)0000000000000000000020090 2-30000000000000000O0O
O00000000000000000000 +5pugal (DODOODODO 20,0 4.2000)000
00000020090 20 200000000000000000000 (Tanaka et al., 2009a)0
0000000000000 000O000o0o0oOoOoOoUOOooO(ooo,2009C0000
gogoz20090 23000000000 00O00O0O0O0OLOOOOO0OOOOOOOoOOoODOnDg
gbooboobobboboobuoobooboobobbobobooobobaon 20090

gbogobooboobboobuooboobbooboobbooon



gebooobuooboooonDd 6.100000 2004000

00020040 9-1100020000000000000000000/040000 (000, 2009d)0
900000000000000000000(0000,200500009080-110 15000
000000000 £2 peal 0000000000000 0000000000000000
00000000000000000000000000 (04.20000000020040000
0000000000000000000000000000000000000000 (6.10)
000000000000000000 (e.g., Furuya et al., 2003; 000, 2005) 0000000
0ooooQ

0000000020040 9-110000000000000000000000 (6.10)000
0000000000 Ag() 0000000000000000000000 61a000000
0 gops(1) 000000 gu(t)+Age(t) D0 00000000000000000000 gy + Agu
000000000000 (#3 pga) 000000000000000 220 (100 6-80)0 23
0 (100 18200)00000000000000000000000000000000000
0000000000000000000000 gu()00000000 (6.10)000000
0006.1b00000000000000000000000000 set0000000000
000000000000000000000 1000000000000000000000
00000 Ag(t) 000000000000000 10 g0 0000000005 pugal0000
000000000000000 25 pugal00000 (0 6.1a)000000000000000
001/5000000000 Ag(t) 10000000000

0000000000000 Ag() 0000000000 (000,2009d)0000000 6.1b
0000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
0000000000000000000000025km00000000000000000
00 (000O00,2006)0000000000 Ag()00000000000000000000
0000000000000000000000000090 1418000000000 2 pgald
90203000 20000000000000 25 u000000000000000100 6
00000000100 16-1900000000000000 110 140000000000000

O00000000000000000000000000000000O0ODODOD0OO Ag(t)ooODO

000000000000 00000000000000000000000000000D00ooooOooon
00000 o0oo0oomooo0oo0mooooooooooooooooD (ooo, 2005)0
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Days from 2004/09/01/00:00 (JST)
0 6.1:200400000000000000002004090 100000000000000 (a)
0000000000 gus()000000000000 gu(t) + Age()0 0000000000
00 (979527010 pgal) 000000 O00DO(b) 0000000000000 D0O00O0O0OODN
00000000000000000000000000000(000,2009d)0000000

000000000 Ag(t)0000Ag(t)010000000
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gebooobuooboooonDd 6.100000 2004000

gbooooooooooooooooooooooooooooooooon
0000000000000 O000UUUU00D0DU0DUD0D0D0DODODoDoDoooooO() oo

0000000000000 @ooi000000b000L0@4) Do0DoO0oUooUDoUoDOO

gboboboooobooboboooobooboboobLooooboobOoboDoooboboD

5upugal 00000 Ag(t)D0O0OOO0O0O0O0ODOODODOOO

6.1.1 0OO00OOO0OO00O00000000 g,

0000000O0000Oo0oD0Oo0o0oO0ooOO0oOO0OoOoooOOoOooOOooOoOoOd (eg.,
Kazahaya et al., 2002)00 0 00000000000000000O0O (e.g., Shinohara, 2005; Mori
et al., 2006a)0 0 0000000000000 O0O0O0O0O0O0OOOOOOOOOOOOOOOO
000000000000 0000DO0DO0DO00O0DbOO0ODOO0oDO0oDO00OO0ODbOOoDOOonDOn
goooob2o4000b00bboooboobboobuoobbooboobo

0000 6.1020090 60 3000000000000000O0O0O0O0O(OOOO,00)00
0000000000000 O0O0O0O0O000 (Shinohara, 2005) 00 0000000000000
20040 90 300000000000 UOODOOOODOOOOODOOOOOOO (DOO, 2005)0
O000000000000000O0O0O0O00O (oo, 2009 000,2009 00000200400

SO, 000000000 2500 ton/day0000000000O2004000 61000000000

goooo | ooo gono oOooo

[mol %] [g/mol] [wt %]

H>O 93 18 82
COq 3 44 6
SO2 3 64 9

(OO S) (1.5) (32)  (4.5)
H,S 0.3 34 0.5
(0Os) | (0.28)  (32)  (0.47)

HC1 1 36.5 2

0o 100 100

0 6.1: 20090 60 30 00000000000000O00C0OO (ooOO,00)D
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gebooobuooboooonDd 6.100000 2004000

0000000000000200409000-11000070000000000000000
00 M,O

100

MézQ%OXTrx%::20xm6hm] (6.2)
0000000000000 000000000000000000000000000000
0000g¢, 00000000000

G(—My) Zs — 20

97T R (220 T+ (5 — 20

Oo0O0GoO0Ob000000,,00D000DO0OOyDOOO0DOOODOO0OOdOOO0—0O0DO0OO0

(6.3)

0000000000000000000000000000000000000000000
00z — 20 = 1000 [m]0d=4000 [m]0000000000gy =+0.19 [ugall 00000000
0000000000000000000000020040 91100000005 pugal0000

0 Ag(t)D0D0000O0D0O0OODOOO

6.1.2 0J00O0OO0ODOOOO0O0OO gu

gbobogooooooooboobooooooboboboooooobobOoboboooo
OooobooodobooooboobooooobooooooooooboobobboooboDboO M,

gooooogoooo
G(—M,) Zs — 20

Gal =~ 2 + (25 — 20)? B+ (zs — 20)2

00000006200 2000000000000000O000DDOOOOOOODOO (DODOO,

(6.4)

2005)000020400000000001.6x10%kg000000000000D0O0OO00O0
0000000000000 Ogy =+40.015 [pgal] 0000000000000 O0OOOODOO

O00000000AgtH)0D0D (~5puga)00000O00OO0OOOODO

6.1.3 000000000000 gaa

gbooboobooboboboboboboobobobobobgeboboooobobob

000000000 A, mm|00000000000000O000000DO0 gaq [pegal] O

ngzonmxhazzgm2x%@ (6.5)
a
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gebooobuooboooonDd 6.100000 2004000

D00000000Om, 0000000000000 0p,00000000000000m,,0
D000000000000000 961 g/m? (0620030;0000,2005)0p, 00000
1.0x 103 kg/m3 00000 0gee =+0.040 [pgal| 00D D0DODOOO000000000O0O0OO
O0000000000000000000000000D000D0D Ag(t)D00000000

ooooooo

6.1.4 0U00O0OO0OOOOO0ODOODOOO0O g

000000000000000000000000000000000000000000
0 (e.g., Furuya et al., 2003)0 0 0 0000000000000000000000000km0O
00000000000000000 GPSOOO0OO0OOO0OO0O0OOOD (0000, 2005; Takeo et
al,2006)0 0 000000000000000000000000000000000000

0000000000000000 GPSOOOOOOD 62b000000000000000
00 (0D00D00:950221) 000000 (950268), OO (020985), O 0 (960610) 0000000
000O0GEONET F30 (ftp://terras.gsi.go.jp/; 000 0,2009)0 0000000000000

gboogoobe2200000000000000O0O00DOO0OOOODODOO0OOLOODODODODO

0000 |00000 AVOOOO
[x107 k] lg/m?]
09/01 20:02 4.9 0
09/15-18 5.9 70
09/23 19:44 | 0.85 0
09/25 18:36 0.03 0
09/29 12:17 1.3 0
10/10 23:10 0.28 0
11/14 20:59 2.5 891
00 15.76 961

0 6.2: 20040 000000000000000000O00O0O (AVO)OUODOO (DooO, 20050
00110 1400000000000000 AVOUOODOOOOOOOOODAVOODODOOOODO

0000000000000000000000 (891 g/m?)0000000
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I
8]

Gravity [ugall

I
o

2004 2005 2006 2007 2008
0 62 000000000000000000000000() 00000 (0000000

GTOPO30; USGS, 2009)0000 GEONETOOOODOODO0000000D00000MmMOO0
0000000000000000 (2005 0000000000000000000(b) GEONET
000000000 L()00000000 (0000000000000 () 0000000
0000000000000000 ¢6)0000000000000000000000000

O000000o0o0ooooooo (Doo, 2009d)0
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gebooobuooboooonDd 6.100000 2004000

000020050 00000000000000000000(00000,2009)0000000
00003000000020040 70-20050 300 20080 70-20090 30000000 (O
6.2b000000000)00000000000000000000000000000000
000000000000000000 (Takeo et al., 2006)00000 (2005) 0 GPSOO OO
00000020040 70-20050 30000000000 0.79mO000000000000 6.2a
0000000000000000
0000000000000000000000000000000000000000000
0 (Okada, 1992)00000000000000000000000000000O0O0O0O0OOO
00000000000 (Okubo, 1992)000000GPSO000C0OOOO00 (0 6.2b)00
000000 (062a00000)0000000000000000000000400000
00 L;(t)00000000000000000000000000000000000 g4(¢)
000000000000
0000000000000 ;0000000 Okada (1992) 000 Okubo (1992) 00000
00000020040 70-20050 30000000000000000000000000000
000D0 (2005 0000000000 (062a00000)000000000 (0.79 m)00
00000000000000000000000000 02500000 267 g/em300000
0000 267g/em’00000000000200m0000000000000000000
0000000000000000000000000000 (00, 2008)00000020040
70-20050 30000000000000 1.9 cm (00-00), 1.75 cm (0 0-00), 1.56 cm
(00-00)000000000000000 (0000000000000000000000

O000000000)0 043 ugal OO OOOOODODOODOODODODOOOOOO:OD0D0DDO

000 ;0
—0.43/1.99 = —021 (00 -0000)
a; = { —043/1.75 = —025 (00 —-0000) [peal/cm] (6.6)
—0.43/156 = —0.28 (00 —-0000)
0000000

goboobooobboooobooobooooboobogon

3
9a(t) = ;Zai - Li(t) (6.7)
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gebooobuooboooonDd 6.100000 2004000

00000000000000000000o0o0o0o0o0o0oUoO0oUD aL;(v)000000
00000000000 6.220000000000000000000DO0O0O g9(v)000QOODO
0000 (000o00oo00)0oo000o00o00O000O0UO00O0DoO0DUOoOoUoOOoOD
O0O000ODOoOoOoO0oD20040 7020050 300000000900 000O04pugal00DOOO

O0000000000000 3000005 pga)00 000000000000 0OOO

6.1.5 UU00O0OO0OOOOO0OODOOOObDOn g,

googbooboooboooogoooogoboboobooboboobooobooobooboon
00000000 +£0.1 pgal 000 0000000000000 000 5 pgal0d00O0O0O Ag(t)
O00000000000000000000000000 Ag)0D0000O0O0O0DOOOODOO
gbooobobooboobobooboobbooboobbod

O0000OTakeo et al. (2006) 0000000000000 OOOOOODOOOOODOOO
gobooobooooobooooooboooot okmbobbooboob0oobDoobbODoDOoDbO
Oo003kmO00O000020000000000000000DO0O0O000DOOODOOOO
gboooboooboobobobooboobooboobobboboboobooboobooobooon
0000000 (2005)00000000000000ODO20040 90 1600000000000
gobooooooboobooboobobuobobobbooobo2040bobobobobobO
g9b le00000000O0O0O00OD0O0OD0OO0ODOOOO0O0OO00O0O0OO00bO00O0

goobobooz204b000o0oobooboobobobobobobobooob0oDooDobUoD
0000000000000 00000000000 Ag)D0000O00O0OOOODOODO
O000000000000000000000 Ag(t)0000000000O0D0O0O0OOODODO

O00000Ag(t) 00000000000 (OO, 20050

Ag(t) = gg(t) + ga(t) + gaa(t) + ga(t) + gu(t)
Go
= 00 = JEmn A o
o = nrlpnn (6.9)

(6.8)0000g, 00 00000ODOO0OO0OUODGUUOUDOUOODODOsOOODOOdODODOD
O000000000H(()OODO¢tOOODO0DOO0O0O000000,x 0000000000 0DO

(0 63) 0000000000000 000UO0O0O0O0O00 DO (6.9 000000ODOOOO rO
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gebooobuooboooonDd 6.100000 2004000

00000 p,000000»00000000000000000 AgO0H =+000000
O0000H=2000000 Go/d0OO0O0000000 2 ~ 1400 [m], d ~ 4000 [m] 0 0 O
00000 2,~2400 m] 00000000000000 ¢ ~108 [kg/m] 0000000000

gboooobooobooobooboboobooboobon

%— \/dQ—i-?:W ~ 5 [ugal (6.10)
0000000000000 0000000000 Ag)0000000000
0000 (68)0 HA)OODODODOOODO
H@):,miAH@):zmiﬂA Go r—l (6.11)
d Ag(t)

0000000000000 00000000000 Ag()00000000000000 (20,
d,s)000000000000000000000 Ag()0000000000000t000
000 H)OOODOOODOOOOO0OOOOOOO0O0O0010000000100000 AgO
0002000 (20+AH, 20— AH) 0000000000000 O0000H =2+AHO000
00000000000000000 20-AH<2<z000 20<:<z2+AHO0000C0
0000000000000000000H=2%-AHO0O0O0O0000O000O000000O
0000000000 200000000000000000000000000000000

gboboobobooboobbooboobbooboobbooboobobooboo

Line Density: ¢

B I el =

IR bl A

Zy

- - - - - - . 4

(Sea Level)

063 0000boobooboooood g,O
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gebooobuooboooonDd 6.100000 2004000

6.1.6 00000 H(t)

O64b0000000DOOOOOODO

z0 = 1406.0 [m]

d = 4000.0 [m] (6.12)

o = 9.0x10" [kg/m]
D00D00000 Ag() 0000000020040000000000 HA)OOOODOOOOOO
0000000000000 00000MMOO0O0O0 H@)DOOOO0OO0O0O00000Ag(t)
0000000000 (064a000)00000000000090 160 (00000000)0
D0000D0000000D0000000000000 (0000,2005090 150000 H(t)
02000000 2+AHOODOODOODOOO90 150000000000000000
0000000000000 00000000000000000000MO0000 z—AH
00 (00)0000000000000000 (000, 2005)0
D000 Ag(t) 000000000000 HH)ODODODODOODOODO0O00O00 (AVO)
D00 (01400 m; 0000000D0)00000000 1000mO00000000000000
90 80 (J000O0OD)I00O0DOD 200m/day0000000000000090 1500
0000000000000000000000000000000002000m0000000
D00000D0000500mO00000000000000000D0000O0D00000Y900
000000000000000000000000000000000D000000000
D00000D00000000000D000D0000000000000000000000
000000000000 000000000000000000000000 H®)O0OO0O0O
D00000000 H#)DODOODOOODOOOO00O 652000000000000000
D00000000BOODOOOODOOO (Takeoet al,, 2006000BO000 90 10000
D0D0000000D0000D090500000101000000000000 908000 B
000000000090 1600000000000 10 1000000009000000 10
1000000000000000000000000000000 H(H)D9000OO0OO00oO00O
0D0200mO00000000000000D0000O0DO000ODOO000 BOOOODOOO
00 (000000 23km00)00000POOSO0DODODNOONOONDODO (Minakami,
1960)000000000000000000000000D0000 (00000, 20060000

gobooooooooooBOoooooooboooobooooboUoooboUoboobOoboUobLOon
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gebooobuooboooonDd 6.100000 2004000

0000000000 HOBOODOOUDODOOUOOODODOOOUOOOODODOOUOOOOO
O00e65pb000000000000000O0OOO0OOOODO (SOy)ODODODOOO (DOO,
2009f; 00 0,2009)0000000000000000000000SO0000000COOO
go0obOOoOo0obOoOobOoO00oDbDoOoOoOoOoU0obObOOOooOOoOobDbOOoOooo So,boOboobooo
000000o0o00o0oUooO(ooo,2004)000000000 SO, 00000000 OD
O00000000000000 (Morietal.,2006b) 0000000000000 00O0OOOODO
00 SO, 00000900000 1500ton/day00 0000000000000 900OOO0ODO
3000 ton/day 0 0 0 00000000000 OO0O0OOOO0OOOOOOOOOOOOOOOO
000000000000009000000 SO,00000 2500 ton/day000000000O
000000 SO, 0000000000000 0000 H)ooooooooooooooo
O00000000000000090000000000O0O Ht)ODDODO SO, 000Db0OoDo900O

Oo00O0OO00OO00oDbOOoO0bOOO00obOO0bOOOoU0bboOoOoDoOOnO SO, Dobbooobooo

10 . L
(@) : * Raw Data
%‘ 5] | e Daily Average F
(@) I +—— Standard Deviation *
=. |
= i
= §£ {r ﬁﬁ%{ ﬁﬁﬂ } ﬁ
< j
° ] :.- ’
10 !
. 1200
2500 T —_—
(b) €0 I ° ° o e
o | ° o 0% o e ® o e*® %% _ee® =3
2000 - oo, 87egey O “ e © % e o B - 600 ~
O °
—_— | ° >
s y Wy Y __yr____r___/ AVO|
= ]
T 1000 - ..l O e Daily Average S
Y | - 600 O
| ° Error Range =
500 oo lor16 T
T T T T -1200

40 50 60

Days from 2004/09/01/00:00 (JST)

70 80

064 0000000000000 Ag(t)000000000O0O0O0O HHODODDOOOODOO 2004

090 10000000000000() 0000000000000000000 Ag(t)
gobs(t) —g(t) 000000000001 0000000000000000000000(b) 0
000000000000 Agt) 00000000000 HHOOOOOOOOAg(#) 0000
00000000000000000000000000009016000000000000

0 (AvO)0000000000
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Uedboobobobobobd 6.100000 2004000

SO,: Eruptions: Magma Head:
@ GSJ-AIST A Medium o
] Ho
O JMA A Small o
Maximum Continuous H(t): Error
% Average A Very Small i\( Single-Force EQ
Minimum A (Dilation) [0 LavaCake
8 1000 (a)
[}
& 100
o)
10
c%’ 3000 f -
= ¢
& 2000 % -
"
D000 (b)}
108 | 1 1 1 1 1 1 1
A A A
&”107 A A A AA A AAM |
e
105 T I T T T T (C)
'_|2500 | Il Il Il Il Il Il Il 1200 —_
= ‘i? ©o | ° (14 £
—_ ¢ [ 1 ° ° .
-5 2000 - 00 .o.... .0.0% O.t% . o. ...0 .. ....0 LY ..ooﬁk L 600 -6-
o) ¢ o
Lo L et ey____v______ i 0<>,:
© ° &
1000 -
% 0o® - -600 O
i L] y—
@© 500 o0 (d) T
‘ ‘ ‘ ; ; ; -1200
0 10 30 40 50 60 70 80

20
Days from 2004/09/01/00:00 (JST)

065 00000 H(¢)OOODOOODOOOOO()BOODOOOOO00O (Takeo et al., 2006)0
(b) SO, 0000000000 (20090000000 (2009)00000000000000 SO,
0000000000000000000000000000000() 0000 (2005000
00000000000000000000000000000000000000000000
000000000000000000000000000000000000000 (000,
2009d)0 () 00000000 H)OOODOOOODOOOOOO0O0DO000000000000
00000000000000000 (Ohminato et al,, 20060 00000000000000

O0o0o00ooo(@ooo, 2005)0
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gebooobuooboooonDd 6.100000 2004000

obobobobooboobooboboboboooooooobobobobooboooboD
0000000 (e.g., Kazahaya et al.,, 2002)0 0000000000 H(t)O SO, ODO00OODODO
oboooooooooooooooboobobobobobobono

0000 65c0000000000000000OOODO (CODOOOOOO;O000,2009d)
000000000000OU00OU00U00000000000 (D00 OO0O;000OO,2005)
000090 15-180000000000000059x107kg000000000000000
000000000000000010kg00000000000000000000000O0
00000000000 HH)OODODODUOOOOODDOoOOooooooooooooooo 2000
mUJO00000000000O0O00O0000O00O00oO0obO0obO0ob0obOobOobobOOn 10
gboboobuoooobobobooboobobobonpoobobobooooobooboo
000000000000 HyOOoOooooooooooooooooooooooooooo
gboboobboobobooboboooboooboboooboboobboooboooobooon
gooood

goboobooboobboobooboobboobooboobobooboonooon
(t~64 [day) 000000000 OOOOOOOOODOOOOOOCODOOOODIOOOOOOO
gboooboboooboobooobooboooboobooooblniooobboobooboonboo
0000000000000 0O0000O0O0O00000OODOOO0OOOOOOO (200500
gbooboooboobobobbooboobobbobboobbooboobbonobo
000000000000 000000O00000O0O00D00ODOO00OODO (DODOOO,2004)
gbooobdoglios3g4nooognooooboobooboooi1oboobbiobogob 23000
0000000000000 (000,2009)000000000110000000000O00O0ODO
gboboobbooobooobooobooobboobbooobooobooboboon
O0000000000000O0000100 60 (DOODDODODOOODODOD)0DDODOOOOOODOD
gbogopobooboobbooboooo

0000000000000 0000000O0 HOoOBOOOOOOOOSO,OODOOOODO
O0o000o0o00oo0o0o0o0oo0oo0o0o0o0oOoO0o0O0ODO0OOO0OUOHY DD
0000000000000 00000O000DO 2000000 H)OODODDOOODODODO 6.5d
0000000000000 00 (2005)000000000000000O0O0O0O0O (90 160)

00000 (02300m)000000000 H)OODODDODOODOODOOOOOOOO (~ 2000 m)
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gebooobuooboooonDd 6.100000 2004000

gbooooooooooooooooooo2s0mooooooooooooooooon
gboooboboobdgesebonboobooobbooboobboooboobooonbbo
0000000000 (Ohminato et al.,, 2006)0 0000000000000 0000O0O0OOO
gbobooobobooobboooobooooboboooboooobobooobooboooboooboboo
gooooboobobooboooobobobobooboobooboboboboooboobooD
0000000000000 00000000 H)OODODODOoooooooooooo9o 230
00000000 H)OODOUOOOO (Do 2400 m)000000000C0O0OODOOOOOOO
O00000000000000000000000 2000m00000000000Q0 (Ohminato
et al.,, 2000)0 000000000 20002400 m 0000000000000 0O00O0O0O0O H(t)
0000000000000 0000000000000000000000 H)OoDOoooo

gooooooooooooooooooboobobobobobobobobobobgonDo

6.1.7 0O0O0OOODOOODOO o

0000000000 Ag(t) 000000 H)DOOOO0OO0O0O0O00000 o=29.0x 107

kg/m] 000000000 (6120)000000000000000000000000000
00000000000000000000000000 00000000000 000
00069 000000000000 000000 ~2000000 p,000000 2000
0000000000000000000000000000000000000 p,0000n
00000000000 0000000000000000000000 pp = 2600 [kg/m?]
(Furuya et al., 2003)0 00 0 0000000000000000 n=050000000000
00r=148 [m]000000000000000000000000 (0400m; 00000,
2009b) 000000000000000000000 (O 310 m; Tanaka et al., 2007) 00000
0000000000000 2000 (1000000000000 1//2000007 =105 [m)]
000000000000 (02500000000 +v200r=210[m|00000000000
000000000, 00000000000-000000000000000000000
oooo

000000000 000000 DODOO |HIOOOOOODDOOODOOOODO

M, = o-|H| ~ 9.0x107 x 2000 = 1.8 x 10! [k] (6.13)
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gebooobuooboooonDd 6.100000 2004000

gboobobobobooboooooboboboooobooboobobobobooooboboD
O00000000000000000O0O0OO0OOOOOOOO (D0O0oO,2005 000000000
O00000000000000000 (Kazahayaet al., 2002)0 0000000000000
gbooboboobooobobooboboooooobobobooDoboobobobOoDbOobDOon
ooooo M,000000M, 0000000 65p0000000020040 9-1100000

SO, 00000 25x10% kg/day] DD DD D000 00O0O0O0O0 1000000000000

4.5+0.47

Mg = 2.5 x 10°% x = 1.4 x 10 [kg/day] (6.14)

00000000000000000000 S0,000000S8S00000000000 6.10
D000000000000000000000000000000 0.1 % (000, 2005000
000000000 100% 0000020040 9000110000 2000000000000
oooo

1.4 x 108

M, = ———— = 1.1 x 10" [k 1
m 0.001 X 75 x 107" [kg] (6.15)

coooooogoooooboooooboobooobboboobooDoOM,0D0O0 My, OO0
000000000 oO00oooOo0oo 100 %0000000000000000
000000000000 00O00D00000000 Ag(y)0D0O 200400000000000
00 Hy)OOOOOOOOOOOOOoOOooOoOOOO HpObooooooooooooooo
0000000000000 00o00U00o0U0000L00OU00000DHUOODODLDOOOD

gboobdobebOboOooboobobbOobOooboobobbooboobooobobanoon

6.1.8 0OJU00OO0OOOOOO0

gboooobooooooboboobobogoob 2040000000000 0O0ODOOODOOODOO
006600000000 2040 90 (000000 OODOOOOOO)0DODOOOODOOD
(2005)J00000000OO0CODOO0OOOOOOOOOOOODO20090 10-110000000O
0000000000 (0640000000 20040 908130000000 (0O 1400 m) O
000000000090 4000000000000 000OOOOOOOO (OO, 2005)0
0000000000000000 SO, 0000000000000 (065000000009
Ulsbobooobooobuooboobodboobuooboobooboboboobobobobobo

gboboobbi1ocompbogobooobooobooobooono4bboonoboo
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gebooobuooboooonDd 6.100000 2004000

0000000000000000000000000000000000000000000
110 1000000000000000000110 15000000000000000000
0000900000000000000000000000D 100000 2000mO000
000000000 0.002m/s000000000000000O0O0DODO 0.000m/sO00000
(Rutherford and Gardner, 2000)0 00000000 1m/s0000000O00 (e.g., Ohminato
et al., 2000000 00000000000000000000000O0ODOOOOOO (000
D00)0000 100 m/s0000 (Jaupart, 200000 0000000000000000000
00000000000 00000000000000000000000000000000
0000000000000000000000000000000000000000000
00000000000 00000000000000000000000000000000
D0000000000000000000000000 (Takeo et al., 200600000000
00000000000 00000000000000000000000000000000
0—00000000000000000000000000000000000000000
OOoGPSO00O0DODODOOOOOOODODOODO
000000000000000010000000000020040 70-20050 3000000
0000000000 7x10°m*000 (0000,20050000000000 ar?n|H|~ 7x107
m} 0000 1000000000000000000000000000000000000

gboboobbooboboooboobobooobboooboboobbooobooobboon

Yy

9/8-9/13 — > 9/14 —> 9/15 _’ 9/16-10/10
10/11-10/17 —’ 10/18-10/25
10/26-10/31 —=> 11/1-11/6

11/7-11/9  —> 11/10-11/15
066 00020040000 0000000Db0ObDObDObOOOLO
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gebooobuooboooonDd 6.200000 2008000

gbooboboobooooobobooboooooboboboooboooboobOobooobboD

gbooobobooboobooobobon

6.2 0U0OODO 2008000

O0o00ooo20060000000000000000000 (0D00O,2009d)000000 2008-
2000000000000 2km000 (000000, 05.1000)00000000000OO
gboogbooz2e0ob0oobooobbooboobooobooobboobooboobooboobobo
gbobobobboboooooobooboobooooobobooooobooboboobobooD
00000000000 (051500002080 00000007M00000000 gews(t)O
0000000000000 0000000000000 g(t) 00 b ugal000DOOOOODO
00000000 (0514)00000000020800000000000000000 geps(t)
00000000 (6.10)00000000000000O0O0UOO0 Ag)D00O00ODOOODOO

200800 0000000000000 Ag(v)DODODO 5000 5.14¢(129000)00000
5450000000000A¢g(t) 000000 10pgal00D0O00O0O0OOOODOOODODOOOO
O0000000000000000000000 200400000 Ag(t)D0000O0OO00O0OODO
O(@e61IODDOOOOOOOODODODODODDODOOODOODOODODODODODOOOODODODOOODOOOO
000000000000000(1) 00000000 (()ooooooo@uooooooo
000004 000000000000 0O00O0O0O0OODO00O0ODOO0D0DOODOOOOOD

0000 10pgal 00000 Ag(t) 000000000 OOOODOO

6.2.1 0000000000000 g

ooooooooooooog booooooooooooooooooo M,000000
00 (630)0000M,000000000000000000000C00O00O00O0O0OOO
(6.1.10) 000000000000 DOOOO0OO0O0DOOOOOOO0OOOODOOOOOO (eg.,
Shinohara, 2005) 00 0 0 0000000000000 O00O0COO0OOOOOOOOOODOOO
0000000000000 (boo0,00)000000D0O0D0ODOO0OOOO0ODODO

O00000061000000000000D000O0DOO0OOOOOOOODOODOOOO (2008)
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gebooobuooboooonDd 6.200000 2008000

gbooooooooooooooooon

[c1-] _ [HCY

S07] = [504] ~ 0.3 [mol/mol] (6.16)

0000000000000 000000000O00000D0DO00DOD000DOOO000 (eg.,
Hirabayashi et al., 1982)0 00 0000000000000 0OO (0D 6.1)0D000000O0ODOOO
gobogoobooboobboobuooboobbooboo

0000000 (2009)0000000000000000 SO, 00000000 1000 ton/day
gobogooooogobob 200800 10000000000DO0DOOOOODOLODOOOODO

ggooooooon
100 ;
M, = 1000 x 35 X 366 = 4.1 x 10° [ton/year] (6.17)

O00000000D00000 2,=800mO00000000 =80 mI00—0000000O
0d=2200m00000000000000O00OO00ODOOOO0ODO (6.3)000 gg=+1.58

[ugal/year] 000070000 10 pgal 0000000 Ag(t) 0000000000000

6.22 000000000000000000 gu, Jua

0000 (00)00000000000000000000000000 2008000000
0000 M, =3.4x 105 [ton/year) 000000 (eg, 0000, 20080 0000000000
D00000000000000000000000000 (6.4)000 gg = +0.13 [ugal /year]
D000Ag(t)0 10 ugal 000 0000000000000

0000000 (00)0000000000000 (00)0000000 200800 4518 g/m?
00000000000000000000 p,=1.0x10% [kg/m®|0000000000000
00000000000 (6.5) 000 geg = +0.19 [pugal/year] 0000000000000 00

000000000000 00000Ag) 0000000000000 OOOO

6.2.3 UU00O0OO0ODODOOOOODODOO0O0OD0 gma

gboboboboboboboboooooooooboboboboobooooobobob 10
kmO00000000000000O0O0O0O0O0O0O0DODOO (Kriswati and Iguchi, 2003; Takayama

and Yoshida, 2007; 0000, 2008)000 0199820020 0 0000000000000 6.5x 10°
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gebooobuooboooonDd 6.200000 2008000

m? /year 0 0 O (Takayama and Yoshida, 2007)020030 0000000000000 (0000,
2003)000000000020030000 GPSOOOO0D 200800000000000000
000000000000000000 gOO00000
00000000000000100kmO0000000 (F30;0000,2009)000000
FTPO O OO (ftp://terras.gsi.go.jp/) 0000 0020032008000 0000000000000
0D000000000000000 67a0000 (00000: 940098) 00000000000
0 (021089) 00 0000000000000 000000000020030500000000
0D0000000000000000000 (00000, 2009¢)020030 6000000000
000000000000000000000 0.22-0.76 cm/year 00 000000000000
0D00000000000000000000000000000000000000O0O000O00
0000000000000000000000
000 6.7000000000000000GPSO0000000000000000000O0
0000000000001 (940097)00000000000000000GPSO000000
0000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
000000000000000000000000000000 (024000)000000
00000000000000000000000 (Takayama and Yoshida, 2007)0
000000000000 0Takayama and Yoshida (2007) 0000000000 19982002 0
000000 (0031.640,00130.690)00000001998-20020 000000000 (0
00 89km)00000 (6.5x10°m3/year) 000 00000000000000 (Mogi, 1958)
00000000000000000(GPSO000000000000000)00000000
0000000000000000000000000000000000000000000
00000000000000000000000000000020032008000000000
00000 1998200200 000000000000000000000000000000
000067, 0000000000GPSO0000OOOOOOOOOOOOOOOOOOO
00000 Takayama and Yoshida (2007) 000000000000000000000 ROO
00000000000 (Ug)00000 (Uz)0000000000000000000000
0000000000 (Mogi, 1958)0000000GPSO0000O0OOOOODOO (00)00

000000000000 (0O0)0oo0oUooooO200320080 000000000000
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gebooobuooboooonDd 6.200000 2008000

Year R [km]
2003 2004 2005 2006 2007 2008 0 10 20 30 40 5 60 70
20 L L L L L L L L L L L 5
(a) 021089
. . 'g'
g 15 - g
— e
= 2
£ =
10 -
g £
o M2 3
@ ks
0O 5 ‘ &
! ;.2
021089 o
960720
0 0
32.25 e
S ® Obs.
‘ : (GPS Data)
32.00 T o i
k o Cal.
(Uniform-rate
» Displacement)
Da1.75 i
S,
[ — Mogi Model
8 ’ (Takayama and
= > Yoshida, 2007)
3 31.50 i
—
Y  Arimura
3105 | (Gravity station)
940098 Temiyr
(Reference)
20 km
31.00 ; ; ; ‘ ‘
130.00 130.25 130.50 130.75 131.00 131.25 131.50

Longitude [deg]

0670000000000 (a)00 (940098) 000000000000 (021089) 000000
O00 GEONETOOOOOOOOOOOOODODOODO(Mb) D0D0D0O0O (Takayama and Yoshida,
2007) 0 0000000000000 00000O00OD (URODDODDO Uxn)DODODODODODOOOODO
O000000000CO0ODODODOOO0O0O (Mogi, 1958)0000000000O0(c)DDODODODODO
gboboobobooobooobobooboboobboooboboooboobooobboobo
gbbodbboobbuoobobooobbooobboobooobboobbuoobbood

googn
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gebooobuooboooonDd 6.200000 2008000

0000000000000000000000R=5.6km]0000000 (000 2, 960720)
0000000000000 1emO0000000000000000000O0OOOOO0O
0000000000000000000000000000000 (0000,2007; 0000,
2008)0

00000067 000000000000000000000000006.7b000000
0000000000000000000000000000000000000000000
000000000000000000000000000R>30[km]0000 Ug(R)DDODO
000000000000000000000000000000000000000

0000000020030000000000000 1998200200000000000000
000000000 1998-2002000000 6.5x 105 m3/year 10 0000000000000
0000000000000000000000000000000000000000000

O000000000000000 g,g00000 (Mogi, 1958, 00,1977) 000000000

gma = T'xUz (6.18)
A+ p

r = — 2 1

B+ WPOG)\+2M (6.19)

U, — AV X+2pu D (6.20)

21 A+p (D2 + R2)3/2
000000000000000000M000000000M000000000000000
0000000000000000T00000U,00000000000000000000
0000000000 8=0.3086 [pgal/mm|000000 po = 2600 [kg/m|0000 A= 00
00 AV = 6.5 x 10° [m3/year]0 000000 D=9000 [m00000000000 R = 9000
m)00000 Uy = 6.8 [mm/year], I = —0.2359 [ugal/mm] 00 00000000000000
00000000 gng=—1.60 [ugal/year] 0 0000000000000 0000000000
0000 |Ag| ~ 10 [ugal] 000 0000000000000000000 Ag) 000000

gboooobogoooo

6.24 U00DOOOOODODOOOODOOUOO gms

goboobogoobooobooobooobboobboobobuooobooobboooboboo
00000000000 2-6kmO000000 (e.g., Ishihara, 1990; Iguchi et al., 2008)0 0 O O

goboobbdooobooobbooobbuooobooobbooobbuoobboooboboo
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000000000000 0o000 (Mogi, 1958; O 0O, 1977; Ishihara, 1990)0

o, AV A+ 2 DR

As = 2 = 3.20 . : 6.21
OR 2r  A+p  (D?+ R2)5/2 ( )
Un AV A+2u 1

Aep = -2 = =2 : 6.22
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000 PpOO0O00O00069a00b00000000000000000000000000O0
0000000000000000000000000000000000000000000
000000000000000000000000000000 AS ~ 50 [n-radian)0 0 0 O
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000000 2~8 mI00000000 2,~800 m] 0000000 ¢~ 7x 107 [kg/m] O
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6.2.6 00000 H(t)

Oe6.11b00d000ooOoOOooOooDO

zo = 80.0 [m]

d = 2200.0 [m] (6.30)
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4.5+ 0.47
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