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Characteristics of Water Quality and Stream Discharge of River Water
in the Kasumigaura Basin
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Shiho YABUSAKT', Tadashi TANAKA", Takehiko FUKUSHIMA ",
Jun ASANUMA" and Shin'ichi IIDA™
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Fig.1

Location map

Table 1 Result of field survey of Kasumigaura Lake and rivers
. . ate EC Water T otal COD Nitrate Nltrate Discharge
Observation point temperature nitrogen nitrogen
(uS/cm) (©) (mg/ll) (mg/L) (mg/L) (mg/lL)  (msec)
Kakeuma (top) 28 Nov. 2005 208 10.7 8.73 1 5 4 0.9
Kakeuma (bottom) 28 Nov. 2005 208 10.8 8.68 2 13 4 0.9
Kasumigaura Center (top) 28 Nov. 2005 233 12.6 8.96 0.5 7 3 0.7
Center (bottom) 28 Nov. 2005 232 12.1 8.88 0 8 1 0.2
Asou (top) 28 Nov. 2005 240 11.2 9.28 0 6 1.5 0.3
Asou (bottom) 28 Nov. 2005 262 11.0 9.25 0 7 1 0.2
Ichinose 27 Nov. 2005 214 12.0 8.68 5 5 15 34 0.20
Seimei 27 Nov. 2005 301 13.2 8.17 2.5 5 14 32 0.32
Kajinashi 27 Nov. 2005 274 154 7.66 8 7 30 6.8 0.26
Sonobe 27 Nov. 2005 231 12.6 6.79 7 5 30 6.8 0.94
River Hishiki 27 Nov. 2005 265 113 9.08 7 5 20 4.5 0.22
Sakura 27 Nov. 2005 198 9.5 8.42 4 5 10 2.3 2.87
Ono 27 Nov. 2005 243 12.3 7.46 5 10 15 34 0.63
Hanamuro 27 Nov. 2005 227 12.0 7.63 5 5 7 1.6 0.45
Koise 27 Nov. 2005 119 12.6 7.44 5 5 5 1.1 2.32
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nN5.
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3VR L7z wEER)I (2.87 m'/sec) & 7R
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Fig2 Water quality of the lake and river water

Table 2 Water quality and isotope data of Kasumigaura Lake and river water

. . ClI'" NO," SO/ ™" HCO,® Na'" K" Mg"” Ca*” Si0,” %"0™ &D™
Observation point
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (%) (%oo0)
Kakeuma (top) 30.35 3.03 26.83 66.50 23.12 451 6.39 18.34 17.14 -5.2 -33
Kakeuma (bottom)  30.29 3.01 26.56 63.15 23.04 441 6.39 18.23 17.40 -5.2 -33
Kasumigaura Center (top) 39.17 0.62 25.63 65.89 3025 449 7.06 16.62 17.24 -4.8 -31
Center (bottom) 38.74 0.56 25.26 67.11 3025 449 7.21 1691 17.38 -4.7 -32
Asou (top) 40.34 0.28 25.30 7199 3239 4091 7.41 17.10 16.65 -4.7 -33
Asou (bottom) 44.61 0.33 26.00 7596 3796 523 8.51 18.44 17.27 -4.7 -32
Ichinose 2575  21.58 19.51 64.06 18.12  0.00 10.30 17.51 26.37 -6.1 -39
Seimei 42.69 8.09 15.31 10433 4150 459 6.97 21.78 33.21 -6.5 -42
Kajinashi 28.01  29.72 15.69 89.07 18.88  7.38 12.70 20.06 32.26 -6.6 -42
Sonobe 2333 29.62 19.75 71.69 2034 397 8.91 19.82 30.77 -6.8 -43
River Hishiki 28.12 2333 16.05 57.96 19.73 1.95 8.98 16.02 26.05 -64 -41
Sakura 20.47 5.93 30.07 6528 17.68  2.69 6.11 22.62 23.29 -6.7 -43
Ono 3236 13.58 25.68 7443 2299 277 8.47 23.87 27.81 -6.6 -42
Hanamuro 22.57 8.75 27.05 80.53 17.69 349 8.22 25.06 36.95 -6.4 -41
Koise 9.30 9.79 10.06 39.66 1043 1.39 3.28 11.47 25.56 -7.1 -45
*1 @ Ton Chromatograph (HIC - SP/VP Super, dual flow system, Shimadzu Co., Ltd.)

*9 .
*3;
*4

ICP (ICAP - 757v, Inductivity Coupled Argon Plasma Atomic Emission Spectrometer, Nippon Jarrell — Ash)

pH4.8 alkalinity titration method

Equilibration method (Finnigan MAT 252, Thermo Electron Co., Ltd.)



Fig.3 Stream discharge of nine rivers

Table 3 Catchment area and specific discharge

Conversion from  Non-cultivating

Urban - Wooded Up?land Pz.lddy Lotus  paddy field to land of paddy  Total Discharge SpeleIC
area forest field field . . discharge
upland field field

3 2
River Area (km?) (m*/sec) (m i(selcék? )
Ichinose 43 11.8 6.2 4.0 1.4 0.5 0.1 28.3 0.2 7.1
Seimei 4.6 11.6 5.8 3.3 0.3 0.2 0.3 26.1 0.3 12.3
Kajinashi 3.6 15.8 7.3 4.6 0.1 0.7 0.3 324 0.3 8.0
Sonobe 115 343 19.1 9.9 0.8 1.3 1.0 77.9 0.9 12.1
Hishiki 2.6 9.4 5.1 33 1.0 0.5 0.1 22.0 0.2 10.0
Sakura 47.7 158.6 53.8 62.2 0.2 13.1 5.0 340.6 2.9 8.4
Ono 31.5 75.9 30.0 28.5 0.9 1.7 2.3 170.8 0.6 3.7
Hanamuro 9.8 14.6 7.9 5.0 0.9 0.9 0.3 39.4 0.5 114
Koise 22.0 123.6 39.3 26.7 0.7 1.7 2.6 216.6 2.3 10.7

ANERIL, BN, 7SI 2 Bz 6 INE, s B 3.7 m¥/sec/km® X 107 &k b i E A 7
i, MERPES TWDL I EARINTVDS, W EDNZDORIZBWTHRENT VA,

Ll olisE (/i) % Figs (2
RLU7z. W, BEEBIINE 12 m¥/sec/km® X 107° 4. THFIRAEANIID T-N, COD &RE
EIFIZFE—TH Y, BRI & WA Z Ui AT B 2 AT (R A i B
T oTwa (] 11 mYsec/km® X 107°). /v ¥ # HxIHE, 2004) OHAE%* Fig6 |2, M



Fig4 Catchment area versus discharge Fig.5 Specific discharge of nine rivers

Fig.6 Rate of land use in catchment area of nine rivers

Table 4 Stream discharge, total nitrogen load and

COD load
R Total nitrogen
Observation point Discharge load ¢ODload
(m/sec) (kg/day) (kg/day)
Ichinose 0.20 86 86
Seimei 0.32 69 138
Kajinashi 0.26 179 156
Sonobe 0.94 570 408
River Hishiki 0.22 133 95
Sakura 2.87 992 1240
Ono 0.63 272 544
Hanamuro 045 194 194
Fig.7 Total nitrogen load and COD load of Koise 232 1002 1002
nine rivers Total 8.21 3497 3863
Nishiura inflow 13.7 5833 6447
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Fig7 12, $fE7— % 13 Table 4 (2R L7z, #2JI1,
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3ODMINIETNLLERB LU COD EEH
K12 9 DO O HTIIHR BNV IEETH 5
A, R ED S\, AfifE s L CidmEmv i
Lo Twh, 9MIlOBARMEORF AL L
8 F T 3497 kg/day, COD Tid 3863 kg/day
Thh, 9 mllomEEEOAF (954.2
km?®) &Vl OBIIEERE (1596.8 km®) %%
BLCE - HICHATAIRANEL RO &,
EEEFTIX 5.85 t/day (=3.497 t/day x (1596.8
km?/954.2 km®)), COD Tl 6.47 t/day (=3.863
t/day x (1596.8 km*/954.2 km®)) & 7% 5. HEr
HCBIM L7230 HR L COD OFHE (£
N, 0853 t/day, 7.667 t/day) \ZFE 7O
f (642.1 x 10°m’) #ENFHZ LI2X o T,
NOWEREEZROLIENTEL (£8FE:
3743 t, COD :4923t). ZOMANOYEE=
BrHICmATARANECEH L L2z
B ORI AR Hiv (£%FK 1 374.3/5.85,
COD : 4923/6.47), 4%# TlL 64 H, COD Tk
761 HE o7z

F KO RER 2 KD L7205, 9O E
DEF (8.21 mY/sec) & WA & DA &

(13.7 m'/sec) & &b 72ME (21.91 mY/sec) THE#
WORR (6421 x 10°m°) #E5 L, 339 H &
b, —RIZE 7 OKOE R RERIE 200 H &
SNTBY  (Edzem BT 5 o )l
HEPT, 2005), 4 Al BRI R
F2MEGHIC o TnD, ZOHBELT, UTo
3HAEINS. 1) 4EO KO EHH
DBRSNT VL0, BIlHE LD b TROME
*EEBICANT 2, 2) BHElL-REEofiE
XEAKoORETH S, 3) Brifi~mATLD
KD R T 7% S HTKRS A LT 5 i Refk
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Fig.8 Stable isotope ratios of oxygen of lake and river water

Fig9 Stable isotope ratios of hydrogen of lake and river water
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Instability of Coastal Cliff Made of Base Surge
Deposits in Habushi-ura, Niijjima Island

S

Ryota MORI" and Yukinori MATSUKURA™
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END. F7o0 L OhOLFTTIX, BEOKIIZHE
EIZ X > TR SN & b b 2EES 5 H3 8
WINTZH, 0L hAEFR S EO B
THRWTWL EZAERnrol Lo T, &
EAFHER DD HFREORSIET 5 L HEL, H
Fs—icerdb0bEZOLNL. Tz, BEHE
R BEE O RE S5, —RIOREONEIL
10 -20mBETHLEHESINS. HFEERKREE
bbb EEEOEOETITH,S OH#EE E L
el A, WEOMRIXIZIZE LA, REEEZED
LODIZ) KM mBEL W b
X, 10 - 20 m BEORIBEIZL > T, TOE

F1E BEOWRNS & ORI E O B ERERS R

W BomS BOMER WEHRO HARO TEEE

ey fask
Hm 6C) hlm oC) p (mm

1 13.4 60.6 - - 19.8
2 18.5 64.1 6.9 74.6 224
3 21.1 61.7 3.9 81.3 24.2
4 16.4 66.6 - - -
5 17.8 73.9
6 17.7 67.6
7 18.7 72.1 - -
8 19.5 51.8 9.6 85.2
9 18.9 50.5 9.8 79.6
10 20.1 69.2 - - -
A (2107 219
11 -

234 59.8 4.5 83.1
12 20.2 64.8 - -
13 19.7 66.1 - - -
14 21.6 57.7 8.3 81.8 239
15 20.3 70.2 - - -
16 20.5 69.5
17 24.5 72.0 - - -
18 242 60.9 3.5 85.1 25.1
19 26.8 56.9 - -
20 26.6 70.1
21 282 62.0 - - -
22,B 324 65.0 - - 22.1

23 30.9 55.7 - - 23.5
24 31.0 573 - - 240
25 43.9 62.9 8.4 832 28.9
26,C 518 549 2.6 72.9 270
27 43.0 64.8 - - -
28 584 60.0 - - 27.5

EE m BEENCRB L, 2 OBISH IS N
D M LR OETROIENFET S L)
L ERIRET D,
MEEOBMBZEORKEL S LI, KA T
DEOHREY [O)x @5 FiEmiE | & I]KE
L, UTOX) R 2KRICETVERHEELL (554
).

4 CRREREORIEOE TV



(1) Eoms H (m) &, ErsEL T2 kL
v, %72, F%%&T%% LWL
SHMZEEL 2w (41K (a)).

@)ﬁﬁ%ﬁﬁfw&w@%ﬂ%@@ﬂ%e@)
THRT (F4H (a). 013, EOFHEERE
DABLTH Y, BOREIFFARLA LI
(D) %@L FHBE] CRETLHE, £
DORETNLE X R T 2 WHE O A BRI

g (°) LUTOBRICHD (Z0IREIX
S UFUOFMHFIRREICH YT S):

_ 4, ?
0—%+2 (1)

(3) EOEIIWIZL > THISG NS, FEERIZ ) v
FIITEY, EEZTLEHTOT L
AEAAL, AREEMEREW) & L CEAEICMRE
o, ok EZERICHNZEEIZTVE
FroOMy 2 W AW L Y, ZORET2S
OEE L (m), ERAEa ) L35 (B
414 (b)).

(4) HAEEMEREMIZIEIC X o Th &, FOERE
WSS SNPEREZT 5.

(5) kRt (3) & (4) Kk ENnD (hhtr4

IS 5).
6) h 3 bHEmSIELIEE, BEETHEN
BESH CORDOL, axThTR, k.,

a. 55 (F4M (o).
T, HRMEMERRM AL

B (d)). 180> HiIE CTEED
BEoOESx (m) &35,

(7) BAEEHEREWIZ R AT T & » THiFE SR,

& AW P
ICHERE T A (B4
%R L7 %

BUOBETPSL SN, HEEZZITS ((2)
WRY, <Dk,
ETNVOBERFIZBIT 5, FAWEMTEDOTO

DNAEVEDY, BIERETICBTL2EAMN T
ERAMIRPL) ST L HIcESINS.

T=Wsino (2)

S =cL + Wcos 0 tan ¢ (3)

ZZT, ¢, ¢ (ZEMEWEORAET, AWK
A THLH. WIixHEE ABCD g oER (BeT
& ThDLLESHIIENES12%25%) T
HY, LTokHizkshs

y 3 1
Ty XEHEYEORNAEERTHS.
(2) ~ (4) XEHAEDLELZLIZE-T, B
DLEAEH (FS) U TOLII%5.

2cH . tan ¢
tanf (5)

h(ﬂfh)(mHH 15%5) g

22T, RO B IE, FS=1 B2 EIX
DUTOEHITkDENS

_ _\‘“‘ 2 2cH
he=H sH 10 6(1_tan¢+tan¢—tanﬁ) (6)
/\v“‘ Y SInGEoS tan @ tana,
b, Tl HMOBEIC X o TESERET AR

BHEx ZDTOLHICH5:

_he  h
" tanf tana.

(7)

HEORE, WO DOHRTIEER LEBICA
kDR E AR THEFI ORI T A SNz
DG I R EEOEE 0TV ER, E RIS
DAL B R EOERDE Z 5B 05, K
BTN T BB E WL S S A& L L
ZWHDELTBY, INHEEEL TRV,
L72H5> T, RWUMETIE Z OBERET 5 1T EARR
DIEFID R EEHE TR bDOERLZLTWwEZ L



27 5.
V. EEBRMEOYIEAE

BEBEORHLERIT 21T 7201, T4bb
FROETNVEEICLELYEMEEZRD 2720
(2, RO U TR R U O AT,
TR, WEOWELITo 7. TR X
1 —3, 14, 18, 22 — 26, 28 ®EFKIHTILHK
TEEWERTE WV TITo 72, KT 20 Mol
EOVaEE Lz, REMRYPHL L AT
&2 EEOHERFED O 2 VIHTHE Lz F72,
A T EOSRE T A0 T3 AL = $
2572012, BEORLDL S5 HTHEXIT-o 7.
BRI BT B T (p) % 1 RITR
T, DAL T A 1 TR R TR R
INSREME SN oM TIX, HT2 -
24 FTEWA2 - 28 TREL 257081, HMWET
HAKREL L) @EAMELN. T2, H
A B 2 8E Mo REMEE T, 2
I F o LEEG THES/NE %o 7213 A T3k
WEREIC I AR SN Do 7z, EERWE O AW
AN =V AMRBRIC Lo THIEL. 20
TE BT O AMTRE 2 HET 5
$ O T (Matsukura and Tanaka, 1982), > 7
)T VKBRS R, FEEORDIIC
ECHEEE SO NLR LD 5. MER 20
EMfECTOEAMBEDOT— 5 25, TMEMRE
FlERWEORE S & AWHRIAZHEL &
NTEL., RBREIE2HOA -CO3HETH
REKILD L & TITo7:. T TOHEKREKILE
X, HEh o BARAREBIRETOEKLEZIET. B
BRofE g, K IZ 3 DRy A4 b TR 2
ANz (M A T90.8 gf/em®, Hifi B T 1182
gffem’, #1451 C T 1324 gffem?®). $7&bb, EO
T SRS T AR & WEIM SRR S A7z,
FAWHEPUA T T A THETRE M (38.7°)
ZRL7228, Mo 2 HeidlZZFE L WETH - 72

(M BT357°, #isCT359). F7/2, "=
AW ZIT o7 A — C D 3 Ho 5 Tl
BE x> 7)) L, EEETHRE KIS
BT CORMARREESZHE L7 HREhE A
T 1.54 gf/em’, #15B T 1.39 gf/em’, #4CT1.63
gf/em® &7 0, 3HEDOMHEIZEZLOIELDEHR
Y

1. ETIVICK BRERBIT

SR 24T ) O ZEYEEEZ LT O L9 12
PesE L7z, HIERREE Y, M A TOERLEIO
TG E RN TRE RERDI W E W) R
5, HEMOMOMSTYH, BEEITITo T
WEEHEMAZ OO BEEERONRFMETH S &
K7 L7z TEEMEOWE Z1T> T e Wi aT
&, WEZATo 72 11 #A 0 ) Hig b W0
T—=F &Rz KiEE, SANREY T 72
3 HT ORI S & LR T — & OEARRFN
c=571 xp-212 (R*=06]) (8)
(S HTIZ B A TEMEEACAL, SO/
iz ZoMEORETE Lz, 72, & AKHEIT
& HAAREERIZ 3 IO ) B THEEL LR D
EWHEREDO T — & 2 HE L7
BRETHONLEOT -5 % (6), (7)
KICEHL, he L x ZHEE L. BHOEDWK
AW O o 1B S 75° F THEICIESD - 72
DT, ETIVIEHT A& OER a1 75°,
80°, 85°, 90° DA E AL L 7.
BSHKEEORS EEATOBRRES S h, OB
BERLEZLDTHD. a=90°", 85°, 80° D
FUREORES HIZHRZ L, hidthzth3 -
4, 35-45, 5-6mOHPANTIZIZFAL L9
TEEE D, —TF, a=15 O¥&lE, HH30m
UTFOENEZATIEIl —Tm T, EXEWIZ



Eh WREL = BEADFRD S, H 2530 m DL
ETIE, =T -8mE—EThHo7z. TDLH
W2 h i o, B/ EWEGETHITIX, EOESICL
HEFLRL, FOMER a BN EVITEREL R
VY PSS (Wl

BoMIE, BOESLEREDES x OMRER
L72bDTH5D. a.=90° DIGEIL, EDOEIH
5mUTOEVWEZATx N 1S5SmUToORR
INEWlER LB E AR NTN, TR ER
CLEDOESICHMRZC 413 1.6 — 1.9 m OFiPH
NTEUOEZ & 572, a.=85" & 80° D& b [H
BRIZ, EOBmER25SmUTOEZATrH 1.5m
BELRCPHRWERZ LD L AN D278, &k
FICIZEOR SR < 1.6 — 1.9 m b DV
1.7 = 20m O#FNOEL & 572, =75 O
AT, BOBESH30mMUTOEZATxIT16
= 24m EMEOHFHHDIL L o 72D, BOFESH
30mUEDEZATIH LT - 19mBEEOM L
IR L o7, TOEHIT, BEOES x i

EBOBIICEST, FIEFFALIYRMEE LT
5.

BT HIEE a. TD h,, x OEOHPH L P35l
ERLIEZDDTHDL. INaekhbE b ida, D/
SWI ML, TOMHEOHEHFI a 2/ S W
BRIV E VYA, —FHxlda. D
WEIINEL, BBENICALEL16-19m (2
m5y) BEOEIOREIEZTVEEn) Z
EDTRENT VD,

2. ETIIEERBRERE DL

RSN % AT > 72 HLr 0> ) B BAERLERIZ 9k A TH
BRONZOIZIOMTH 7. TNHOHTIZE
A BIEDW EHOBER e Z HNTh 2 THIL,
FHE & EBEOWBREMOE S h & 2L, €7
VASHHO FIE T O v 2 % EOREIEMEICEE T
ETCWEDEHNRI., ORGSR, 9 M 4 Hhrd
T he VHMEASEREOWREMMOE S h &) b/
W, T abbEETIVTIRENS T TICHELTH W

FS5H O EoES (H) CHREHoRFES (h) L OBk



EoM EoBS (H) LBEOES () LoBE

EITH ke & x DEOY 5 % HFH & FI9ME

WIETTH LA, FRAMEMERSTVDL EW)
FRICRo7, ZORERO—IZ, BT HEL
OMEORE, ThRbEREMICHRL WAL EZ
5 TIEAH IR EES L, RS S Eo¥
BHTHoTOHIELRVEV) ZEBEZLR
5. b9 —OOFENII, RETIIRZEED, B
R EEAFRESN 2 o TVB I ERBITENS.
& EEASRESN o TV B & 2 A TIRERIDE
Ko 72012 AWTIAVNES K ), RS R
FEBE LD SALEICHE D o TV B s E
ZHN5.

3. BRET Ot X & ERIEREHA
WBEEOHEBRIBICLIEOREE ZNICHE
I oTh b 8NE. TNFEFTILRE
(1966) %> Sunamura (1987) 12 & > T, THRiH
TIXMEICH LA 20 0EIC, EibToEs
HTWIEDPHEEEINRTWS. RBFge T, i
BRLEMIT 2TV, EO® S ORI TRE



HOW AL slide FIOFEEA DRI NTH
D, EOBEBENERLE->TOZORBEOES x &k
HIH ORI S hAZER RV E W) FERE 57
NS5, P TCIREILCTCHLE e A, [H
CHEIZL > TlFRENHRBL TS L) 2 L
ARIEEND. 2oz ki, TRl OHERED
BILISH 5 km (b 72> TEBIRTH Y, itk
BLTELZEELHAMTS.

MEDIE S x L EORBHEENS, [F Ui
TEORENEEST LM EHETE S, Hilk L
72£ 912, Sunamura (1987) (3 1968 4EF & 12
B2 %BEEEY 12m/y LHEELTWE. 20
fiti % BUE D BB & ARGE L C 45 Hb i o i S 1))
RWELEZA, EOBIICLLENITIZEA
Ex L, 15 FRIADOETHIES DRSNS
EWVI)RERPE O NIz, MO X912, L
EATIZE & ) Bom BEANCZEB L, ZOEAH
XA HEENCER D B LIROFEDSEZ %, & w
AL HIEFICHEL T S AN SR 5.
Yo THEERIINE, BEREZRAET S L) LHR
RN B M & EANRENIIED B9 £ TOREH
Lo TRELEEZLNS.

VI fEEm

AREFFETIE, A (RE) 1S3 280/
BN — 2 — DHEREY) A © 1K A F IR O i
HEIZOWT, BHFE L 7V X 5 BT
AT, RETO Y 2 L ZOFBIZ oW THER
72, FTORRIUTOL ) ICEH SN,

(1) RFA&LHTIE, EHOWEITERET 2 slide
FIOREN DRSS, EFHBRBLTEL
LEZLNS.

(2) MO TN — 2% — T HREY O
HToERPRLNZ. HEIITEIEE,
A WHRIUAIZALM TR & v, IR
A OREBTEWEZ R L7

(3) ETNVEM OFER, FAH O THEDE

SEEF R, 2mBRETH L LfEES N
oo FoBEEMORSS S L, MitToE
R E W) ERPEL N BRAFIZED
RS L, BIEELETHRLE SO X,
HETHBLTWDEEZLNS.

(4) F¥EEOE X L, Sunamura (1987) TTill&
N RBHEN S, o R IR H
DOFEILTENEL, 1.5 ERIBTH L EHEE
BNz BREREEICIE, ERERET L X
) WORNLHEL, WL EDRD
HWLOYA 7 VDb TWwAEEEZEZ LN
5.

ARWFZETII ik BT OMEF & 757~ 90° o i PR A
TR & Rz & TR, Smmairo7-. 2, #
RO EROBER Z, BRI T HIER
S TIHIWT LAz 6 Th )5, P o mst
IZEoTE, FORAEIRETNVETMEDL
BHER R SR E RESBNIZ. T2, KWfET
EHEEROBRRES S 2 KRE GBS L) HHRRIC
XA EBICAN TV WD, EEIZIZZD
L) BRIFFICRERWIZE > T, JEELTI SRS
ENTWLIELEZLNL. TOE, HED
B4 RERRE D b RECRY, BofiE
DIED LD ILL, —FIHEBT 22 TS
. INHDOZ EFEEIZANTRRIEOHE
Ot A% X0 SIS 5121, BRI
BLUBEOMTE2BIETLILE S L LB DN
5.

AT

FEL LTy BEICB VLTI, A%k
H:CTdH B/ERI 2 - IRVUHERS - /NEATH - ORI
APEALICTFEo TPz, BLTHES
FLET. FLAWIE, MRS ORI
B (B B, BETEF T 16300292, WRsElEk
T WAERE) ofhE I UThbh7zb0TH
5.



3k

BEER—E - 22l HE (1995) @ AT B BRI
bﬁéﬁﬁﬁ%@&ﬁmowr—ﬁ¢ﬁﬁ%
7z Ko s ofle -, WA
HR, 46,457-475.

—@ER (1987): #rEiEo g,
gedis ] o HUBGFRASPT, 85p.
Ak M- L= (1979) 0 FRE I E LK
OB & B, WIEEEER, 52,

111-125.

K EIEEL (1966) WO E T &l b Lo
B TMREICBIT 2 EOHBICET 20
36, WHAD 40 4F R BE R F ¥
17p.

I = -

[ b el b

fEk i (1978) : REFEMILOR—

A — UHERM. Kb, 552 4R, 23,249-262.

Matsukura, Y. and Tanaka, Y. (1983): Stability
analysis for soil slips of two gruss-slopes
in southern Abukuma Mountains, Japan:
Transactions, Japanese Geomorphological
Union, 4, 229-239.

Sunamura, T. (1987): Coastal cliff erosion in
Niijima Island, Japan: Present, past, and
future — an application on mathematical
model — . In Gardiner, V. ed. International
Geomorphology 1986 Part I, John Wiley &
Sons, 1199-1212.

Sunamura, T. (1992): Geomorphology of Rocky
Coasts: John Wiley & Sons, Chichester, 302p.
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5 7Ly PERAUEALEERIC Db 5 DA DR E

Some Problems on Field Experiments on Weathering Rates
Using Rock Tablets

(AN VAN &

Yukinori MATSUKURA" and Tsuyoshi HATTAN]T™

I (FC®IC

WIEACHE % i A, OB K
THAEADBAGEESA LIS LISHEE 25, L
L Brunsden (1979) % Kukal (1990) & ®ig##
RFREOFETL 2, HAEMHTIZBIT 2R LHE
IZBY A EREER MmO TH v, ZDJEKH
&, EHAORALEE DD TRV & &, B ko
BrAG L 72 IR B R0 R LAk e T P & e 9 5 & & S
WTHLHLZ EIZHDH., FIT, (kK BADOEAL
HREDT — F I TEVAEROWD 2 B0 R0 h i
Wi EOEBEAFHIITLZ L ICE > THELNT
&7z (B, 1994). L LZORFETH, &R
2 TSRS OWMIPREE & B AT T 5 2 AT
LV ($TAbLEILEDIEMZ RED ) AL
V) W EEEATYS, JASLHE Y 5 72
DD ) —=DDHEN, 5hY 7Ly brHw
BNEBRTHL, Zolgx, EREAFHILL
BORE (F 7Ly ) 2ES Ot RE I
L, &2 MMEEEZICEL, HEEEZFHIY
HIEICEY), ZOHBANTORIBERDSE
{LEEZREL 20D TH L. ZOHEIZEFI
TORLEZ 20T FHEEL TV L ETENLTWY

. ZZT, FHELL I0FIEHINS, TD¥
7Ly FELEBREIToTETWS., ZOMH D
5 AEM OFREFIZOWTIE, Matsukura and Hirose
(1999) % Matsukura et al. (2001) T L7z,
F72, I0EORHERIZOVTOLHETEE ) O
&5 (Matsukura et al., submitted). % D@FEIZ
BWC, ¥7 Ly MEICL > TRHIPHTE 2 50%
W2 EBH o2, FRIZZ DHEDOWL DD
§900 - REDH-TE/Z. ARiFEhonZ b %
FLDOLDOTHA.

N 7Ly FEALBHARERICEET 2R
DLEx—

1. WEROHAE

(&7 Ly MEALESR] 13, Sase (¥ 7Ly
N (FRIR) TH DI EHNL0R, EHHERY
Bl o TEAEROHBDPHONLEZ L LD
%) PN L, H2MIMREEE, LI
HoHr—EHE T IcENERINL, Erod=
EHT 52 LI E o T, HAOELED S\ it
JJULEE XML HDTH L. ZOFEERNICE
Z L 7-™1%, Chevalier (1953) % Gams (19593, b)

LY A BB R AR TR

PR BEBEDIIE > 7 — (Bl LR ar R i 7E )



LENTw5 (Trudgill, 1975). ZDtk, Zhb
% b X2 Newson (1970) % Trudgill (1972) #%
Ve S o HRICER B L 7.

INETOYTLy MItEERE L O/DD5, 56
1R THL (EHSOWMEIZOVWTIFHEBET L0
T, ZZTREVWTHD). DIFTIE, WigEodl
WL DD BIEIZZDONEZFNT 5.

W BT LMD Y 7Ly MM X B EALH
FEDFEFIE Trudgill (1977) 12X > THEHE SN T
W5, HIZERZE 15cm, B 0.5 cm ORIKES
TLy FEATy T Y FOFIE L EEDORRE
W LEMERE L. 2o, hAR (RAE
LT, EoimEH (FF&E232.5 mm/month)

T2 0.043 g/y , ZOHEN (W& 22.5 mm/
month) Tl 001 g/y W HEIESNT.

Caine (1979) %X, =@ 5 F® San Juan HIR®
TR L Y BEOE V2 OO 71 FT I,
B L7 (REREED B X2 60g OuHA L
A& WFREC S EMEL S5 &) BppfsE
BREAT o7z, ZOfER, FHOE=BIEEIL
0.079 = 0012 %/y L7o72. 512, HEE &
DICEEHRELEESEL 2L Lbbhrol. £
7z, 1@ pH & HEREPLLEREO EER RS
KOBERLTEREMS (IR RBEADEDOWEDS
MIZay b= L ENTWD) HRALERE (2%
G52 AHZEEERZL TS

1R ¥7L vy MEULEBRIZE S A 0EkOWZEH

Reference block, tablet or disc rock type buried position period environment weight-loss ratio
Trudgill (1977) tablet: limestone soil-bedrock interface 1 year Scotland 0.01-0.043 gly

¢ =15 cm, 7=0.5 cm
Caine (1979) 6.3 mm fragments: 60 g rhyodacite on the soil surface 5 years USA, Colorado 0.079 %/y

Jennings (1977 & 1981) tablet: limestone
40 X 25 X 10 mm cave stream

Crabtree and Burt (1983) tablet: sandstone
¢ =3.1 cm, 2=0.7 cm

Crabtree and Trudgill (1985) tablet: limestone

Trudgill et al. (1994) ¢ =3.1 cm, 2=0.7 cm

Campbell et al. (1987) cube: gypsum
Hall (1990)

tablet: 5 X 5 X 2cm quartz-micashist

Inkpen (1995) tablet: 50 x 50 X 10 limestone

mm
WRIEIZA (1999 a, b) tablet: limestone
¢ =4.0 cm, h=0.4 cm TEARE

TkEBE

Dixson et al. (2001) 6.3 mm fragments: 60 g dolomite

granite

Thorn et al. (2002) disks: dolomite
¢ =4.0 cm, #=0.2-0.3 cm granite

limestone
Sumner (2004) clast (100 — 370 g) basalt (gray lava)

basalt (black lava)
Plan (2005) tablet: 5 X 5 X Iem  limestone

dolostone

soil-rock interface

soil-bedrock interface 2 years
0.60 m deep alluvial soils 10 years

25 cm deep in regolith 2 years

soil horizon (shallow, 5 years
intermediate, deep)

3.7 years
0.27-0.67 %/y

Australia, Cooleman Plain 0.11-0.4 %/y

15 months England, hillslope 0.24-0.34 %/y

England, hillslope 0.11-0.85 %/y

0.01-0.03 %/y

Sudan (semi-arid) 0.95-2.7 %ly

on the ground 5 years Antarctic, Signy Island ~ 0.02 %/y
exposure to air 2 years England, London 0.82-1.55 %y
HE15m 5 years HAS 0.3-0.86 %/y
0.42-1.32 %ly
0.60-1.53 %/y
on the ground 5 years Sweden, Kérkevagge 0.326 %/y
0.121 %ly

0473 %/y
0032 %/y

Sweden, Kirkevagge

1.104 %/y
on the ground 3 years Subantarctic, Marion 0.02-0.1 %/y
Island
0.44-0.72 %ly
sub-soil, sub-arial 1 year Austrian alps 1.1-4.8 cm/1000 y




Jennings (1981) &, =X+ U T D
Cooleman Plain @ T3 L HEN O FAKHIZ 40
X 25 X 10 mm OAKESY 7Ly MEHEFEL, 3
- THEBOBEEEZEHIL 72, BEEEIERE
ROFEL LT, %ly &) By b/
CDOHALIIZDHOWIEIBNTE b s &
I AbH., TEPTIZO011 — 04 %ly THAED
2R L, AR OFAKFTIX 027 — 0.67 %/ly &%
THREHEIKRE L LoTV D,

Crabtree and Burt (1983) (&, E#3.1 cm,
JEE 07 cm ODWEY 7Ly v&A4 750 i
PEHEB O B 4 0 138 — s O BE I L
72, 157 ABOBEREZFHIL 208, ZoEak
JEIX 024 - 034 %/y L REL OGNz, £ LTH
JE S WFHE T I EEREIENT A2 8 %
et L7z

¥ 72, Crabtree and Trudgill (1985) IZE %
3.1cm, BE&07cm OFKEY 7Ly b2 A >~
77 v FALE O REFTEHOE S 60 cm O +3%
J& - BEOBFMICHE L. 2E4MoBAEY
FHEIL 7228, BRISEWHETE O F 5 Cla s &l
D011 %/y EHBR/NZ VO L, HEPS
FOEHA EERTIE 0.85 %/ly L RKEWT & &k
L7z, CoRHZZEDH D ML Tirbh, £
D 10 £ OFEFIE Trudgill ef al. (1994) 12X -
THHESNTWE, Tz kb &, EALEE X
0.01 —0.03 %/y &1 - 24EDFHIOZFN LY,
MWENIEL o TWA, BRI 2NE 7o o Tl
ILHEDES 2o 2B HIE, DT LHIZEZSL
nCws (1) BEALoRIIEHEELRmITTN 5
O TEALASHE S, LS ES & ¥ T Ly PO
T2 B LR BEASTERL S T, D 72D 2R Lk EE
MEL 2% 5 (2) EAL S & LI L > TTX
7oy FEy MIEPADAR, HEELTLZEN
WREETERL BDLIENEL D, LIz-T
EMHOFHIE EEEBEOFEN DR,
R L L CRILEEAVNS 2% 5 (3) HERICHE
) LEOBESEET 200 Lk vy (EHO

FHllCix, # 7Ly bEeEBOLE ML
e, LREROMBERNLKE ORI 55
ML B O TEALEENHL 25): (4) 13
KA DZEAL 5 1980 AEA D5 1990 AEAHTF7
VR L2 AEDBE V20T (FHANE 1982 4E 3 H A
5199244 HET), R LIFEDOL o720
WAL EDS NS o7z, E2AT, ¥ 7Ly b
DEALREE X, Bk L7z X ) 12 o 5 - FEE
TERLR DLV ZEHGAVFLET S, ZOFAI
WAL 250X, AELOBERIIHLTEO
pH, KROEHE, KIFHETHL 1 $4abb,
A1, 2, 3IEFES HHHOWEE T, pHAT
— 8 THRHA L2 SREIKRD N D5 TH Y, #t
W EHRRBOEE=I/NS S pHDY5 — 6 Tiit
KIZHEICRET LS THY, TNHDOERNS
TLvy bORULEEOER AL SEL LN,
CORLIIBNT, FEHELIILUTO L) iz
BWTWD [4 7Ly bERRIGRE R
WL CIIEEEO S 57— & LE A LIZ B
57— RRMT L L) XD IZEM GO R
WCETAERRT— 5 24t 35 .

Campbell et al. (1987) &, A—¥ Y DM
MOWDA VBN T - T4 X2 MEHEICB
WO, HE g, FEE 37 cm® OV TROIEIR
ELOBOY 7Ly ba, A ELRLTE
M, 74 Ay MpHEB L OHEOEETOE
FF3EATICBNT, Wb LT g (RS
25cm) OFICHEE L. 24EMOBEEIZLD,
ST 54% (4 BNV 7§ 28 DY 7
Ly b)), 20% (BEEE:141H), 1.9% (74
A MNEHA D17 E) OFEEIBRITRD 7z,
CORERDPS, RT4 A Y FREAECEILEN
INEVDIE, TD XD BGFTIIKDBREN DN
T2OTIE RV, EEEL T

Hall (1990) X, F#® Signy BIZBWT, 5
X5X2cmDOA¥E-ZEFFEOY T Ly i
FMIZS FEEBEH SIS, ZORFE0.02 %y &
WIOENE SN IS YRR (HAE



W) 1L BEfbEEZ SN, EBOWERIIBITS
W PR L X B R CHEAT LT\ B LRI S
nrz-.

Inkpen (1995) OFEEkIX, ¥ 7L v k% ZEh
IZBELC, REUFHRSCERMENIC & 2 i b % Fi~
LAHETHL., TR - BEOHFEHETD, bW
R EERICH YT 5. Portland Stone & Monks
Park &\ ) 2 O AIK G & v, 2 R D5
Ba L7z, EBTR, 7Ly FORZEIINTS
WO, 7L —AIZFEET LR, EEOF
FHHl OB IES N NEHIRERICED L) ITHE
252 MITOVTEHi L7z, EBROFERTIX
FTRTCOFMEERIZB W THREFENICE B2 2T
Lirolznt, ZODEATIE, TNEROKRIC
LTRSS HRO LN, T2 &iFs
TV FORALDOZEM Y — v & FHiT 5 T,
FOAOMWENEETHL I LERBL TS

HIEIE2 (1999 a, b) 14 FOAIKAER (EE
40mm, EE4mm) #HAZHO 7 HSIZRE
L7z, #nEhotiiicsnwe, #E15m, A
&, BREOTBHOEF 3 MIIBITA2HEAEED
FHElZ . 1992 FA 5 1997 £ S EMIZH 725 T
fTo7:. ZoOE HloEasidtEdo 1/3
— IR TE I &, AHERITIERE - HEEAE
DFIRAEDIIREEHESIRKE N L b o
7z.

Dixson et al. (2001) &, AT = —T D
Karkevagge (At & LIS AHY) D&
BWT, FHT63mm ORiFEEL DO~ A b
LAEmADEABE (BXZ 60 g) % 5 4F M
L7z, 2%, Fuv A boE=ELEEIT
S LT 0326 = 0.115 %/y, fERAE T 0.121
£ 0.020 %/y &\ ERESNZ. %S (Thorn
et al., 2002) (Z[F U<, [A CHREHIC, EE 4
cm, EX02-03cm DT 4 A7 oy

LIAh, VLA, FOFBOIEHITOGES
(KT 05-06m) (JHZEL7. EHOMEEIT

Fax A b, fEREICS SICAIKREZMA 72 3 M

HTHDH, TORE, Fo<A bERKEIZEN
ZN 0473 = 0.145 %/y, 1.104 = 0.446 %/y &8
LHEDKE Vo3 L, BRI 0.032 £ 0.005
%ly LS otz HEROEW, $4bbiEo
7oAt & pH O/ S (BRYE) AT ClE, Fo
<A FORALIMEEE NS, HA OEFTICBIT S
W e Mo R L#E X, Fa~x A  For—X
TIIABEDRED SN B DS, fLfa TIEENDRD
bNgirorz,
Sumner (2004) & 100 — 370 g D LA (UK
s L RO S0 2 EH) oEw %, BRI
I\ Marion 12 BV CilpfEh b NEO EILO )
FMOEEDRL L 4 EHTOMIEITEE L2 Ik
HOERBRAEILHERT002 %y THY, &
JE 730 m DT TIE 0.10 %ly &k o7z. BflE
FOFYEREBELAEL 072 %y TH Y, WE
KRR RRD SN o fz. F 72 lRRERICB
JAEEREET 1EME=S ) V7 LET S,
IKEEETIL 030 %, BOBEETIE 041 % T
Hoe.
Plan (2005) &, 70 O HIKE - FHIKE
(dolostone) ®% 7L v b (5x5%X 1cm: KM
WX =A% E->TW5E) 2F—AFYT - T
71@8?%(%?%&»m$m®ﬁ’ﬂmm
DEEFET L OFT) (B2 K5 1E 10 cm
@mé@i%$f%é# 20@%vbiﬂﬁi
W2, 1201y ME R =3O IZHEEL. 1
EM OB, S5 N7 %%%t:ﬁ Iz
WEHEEX, M T13 - 4cm/ky, THEFTII
cm/ky, FUJ—FDHT 48 cm/ky &7%o72. 2
DXL TIE, TNOEOEEAEDIINIZ, DTD
L) BRI R ENTWED
(1) Fa~Af MIEFICw (Favf MEAIK
H=HD 43%).

(2) AKAETH SIO, &L OEFEMRLIZL W
DD 5.

(3) #7L vy bOEHEENZLOE, Y-
HRLOLDOLYHEITIZ W,

— 44 —



4) Dy 7Ly MIBWTIX, BEIEWIZ
EEmaREN. EOY T Ly NI, B
FEl %@éh&w

(5) FU—AOHIZHEE L 72 b ORERHHE
FY =% iﬂ(ﬁ‘%qﬂTé noEBbs 75‘,
CDOZ LI HIVA MO self organization
(HOHH) 2Rl w5

%)@ﬁﬁﬁu@tzéﬁi®%ﬁiméw.

Z LT, KL= 2oitHE SNz

AL 9.5 cm/1000 £ CTH Y, ¥ 7L v bR

BHONTRRKOBD (F)—ADZNEFEL)

LY 25 BEOHEL o7z,

.ﬁ%@ﬁnk;of SN=HR
Bl1RICFLOZLIIWE, ¥7 Ly MERRE
WoTh, EROMEDZFNENIZBNT, £
FERREMIISETH D, 2L ARREOKE
RizowThz &, 270y b (H8IK),
R, EhHk, REFROLDELETHY, Lird
[ UIRTH o> THOHIREIZL ) ZDORE S PR
oTwa, fibhdaaEoafEE LCid
FARER T~ A e EORBIEER SV, it
(LR RS KA 59 % JAAk Iz L THRUK T &
5 (ThbbEfbHEELzE ) & L EBRTIE
HWThHA). RFoRBELTE LTE, 1S
m DZER (FEEITA, 1999a,b) ZEWTi, (F
EAEH B (dfEd, & IChfg e S
EOBERIG) ThDH, EBFHIMITRETD 14E
ThHYH, EWbOTIESFLLR>Tw5, AfLER
i & LTI, Hall (1990) A RO Signy 128

WTHE-ZEREDS 7Ly b a5 EH
BELLODH Y, HREBMSE QYA R L

EEAEHIIL Cwa2y, ZoftoifseidEs LT
AOEEHEE (§%bbE bR LERE) %
FHAL7-b 0 LRI NS,
FonRoP T, KO RKEIVEILEED
fliiZ, Thorn et al. (2002) @ 1.104 %/y (fiJK
) ThEH. Fo, AKAEICHELTREYA

MEJEALEE A/ S v (72 & 21E, Plan, 2005;
Thorn et al., 2002) &7, FHOOMEIZ L > TR
LHEED RS (728 21E, Crabtree and Burt,
1983; Crabtree and Trudgill, 1985; Campbell et al.
1987), JEALHEEZEHAIREHI 2SRV IZ E/NS (7
% (Caine, 1979; Trudgill et al., 1994) &5 7z X
‘&F%ﬁ?éﬂfw% L7 L, Plan (2005)
I L T 5 &) 12, EULEEE (FEiELHE)

X, W - HHREE (D3R, )
fA - I - B3Ok - BH - AR REER L

L DBEFIHBENTNE, LA T, itk
BonfEE2D LI, IO E—MICEEL
£ ETLZEIBIRTIIAETHA ).

i RIEKREICHIFTEY Ty NE{ERER

1. REREMERBRAE
HIREDEBLRTWVWEW) ZEiE, L <Hs
NTwa. LaL, AKEPMBOEAIZHEL T
ENFTERLRLTVOR, H5WIEHEICHIKE
U m s ENLZTERLEVODIZDOWT
X, I T, T4abb, Bl
2, ek 7Ly MfETIE, GAVRLRD L
HEREHEIZED L) BEEND L 0O
D TAh R, ZFITEELITTFTEFOIL
T —~IZL &9 &% 272 (Matsukura and
Hirose, 1999; Matsukura et al, 2006). 3% & L
T, fefs, fewblies, N> LA %a, Ak

ZilE, WECE, fdPa, BKkE O 8 G % %®
ATE (SIS DEPHLR, fLaafink, WY -

TR £ LO720N, F2ERTHD).
KIZ, TNEEZIWZEVWTHNT222% 2

t.ﬁ%@ﬁﬂﬁ% TREOE S L LA bR
EWDSH ), FOENE KRGO
’ai\/\, ELIERMEIN TS (724 21E, Jennings,

1981). L722%> T, ffm & R ICBITA
ERLZI kol FIT, ﬂi A,

A, AT RO 47 PHICHE T A I 8L



B2k F7Ly MEBRIERLEAOSMEN - WK - [LFR - IEFEL R (after Matsukura et al., 2006)

Granite Granodiorite Gabbro Limestone Andesite Rhyolite Tuff Crystalline schist
(Cretaceous) (Jurassic) (Jurassic) (Triassic?) (Pleistocene) (Holocene) (Neogene) (Paleozoic)
Qtz Qtz Pl Cal Pl Qtz Qtz Pl
Mineral Kfs Kfs Hbl Dol Px Kfs Kfs Am
composition® Pl Pl Px Mg Pl Pl Chl
Bt Bt 0l Bt Cpl
Hbl
Sio, 70.98 66.41 46.83 0.09 53.00 76.67 79.54 46.80
TiO, 0.36 0.75 1.29 - 0.87 0.10 0.14 0.79
ALO, 14.81 14.52 17.95 0.04 21.00 11.89 1142 14.70
Fe,0,+FeO 2.84 3.87 11.23 0.03 9.40 0.75 1.17 1252
MnO 0.07 0.08 0.23 - 0.15 0.06 0.02 0.20
MgO 0.82 209 7.82 0.83 230 0.13 0.62 14.40
CaO 326 444 12.87 52.00 7.80 0.70 202 8.53
Na,0 407 3.19 149 0.20 3.00 425 2.15 201
K,0 2.68 340 0.11 0.00 1.80 323 292 0.00
P,0; 0.12 0.24 0.16 0.01 0.02 0.02 0.05
H,0() - - - 0.16 - -
H,0(+) - 2.03
(CO,) - - - 47.00 - - - -
Total (wt.%) 100.01 98.99 99.98 100.20 99.32 99.99 100.02 100.00
Bulk density (g/cm3) 2.67 2.69 3.00 2.71 2.14 1.60 1.45 2.86
Specific gravity 2.71 2.76 3.05 275 2.62 242 248 2.87
Porosity (%) 1.51 2.36 1.58 1.48 18.29 33.87 4132 0.24
Equotip hardness 720 731 711 486 652 480 438 625

a Qtz: quartz, Kfs: K-feldspar, Pl: plagioclase, Bt: biotite, Hbl: hornblende, Px: pyroxene, Cal: calcite, Dol: dolomite,

Mg: magnetite, Ol: olivine, Cpl: clinoptilolite, Am: amphibole, Chl: chlorite

3%} LU e

=M (5HE) 0
DZOFHLIZL

72, $bbLERLDERIL,
Ly (BfLERED) o
EHLLbDTHS.
Db XHic, FULHEEICH S5, SHo#EN
EGOLEMN (AULERE) OEWIZL AHEELIS
MPIT B0, HAY 7Ly bEFWEIER
#iTo7. LilL7-85M%, BEf345cm, E
SR em ICKIE L72b 0% £5R 212 60 i
A& L7 Kok, L%, 15Ho2% 1
OOty ML, EaEEFHLOEE S L
8HEMT LIy b (ISHOYTL Y ) OO
Ay T aOEIZA, PR FE e PR
HaedkiEl v apEo, #l, RERTE (15 cm
), Afaflr (60 cm iR), SAFIETH & 4 FTIC
B L7z, FEBRIZ 1992 FOFERPOREGL, #
35 Hd A WIEFAEEICH ) ELEEFHIZ1T-
7.

e
HoRE

2. ERBERBIUVEZR
BAEETOHI0FEMOFHIOKRET F L O
DN, HBIMTHSH., EmIFRITITIZFERIS
ZoTnbERRELDT, LITTIRHAIZET
WAL THERT A LT H. EI3RICZOME
R L7z (ZORIIZRAO 5 FOFFIgRILER
LPFEL 7).
REGITOEWE AL T, SRBNICHEERX
HEZ BT 5 &, BIKE (T 2K
HARELC (1.027 %ly), K~THIKE (Ls, 0.861
% §9), WAleE (Ry, 0324 %), fEfPIfkes (Gd,
0.115 %), ZE (An), #ifhE (Cs), N>
L A% (Gb), fefds (Gr) E\WIHEICR L. §
ZbH, Tf>Ls>Ry>Gd>An>Cs>Gb>Gr DJI
FECThbH., Ll ZolEFIE, EGITHICAS
ERICTIE v, 728 21E, ffliricsnw il
Ls>Tf>>Gd>Ry>Cs>Gb>Gr>An & 720, #i L
T Tf>Ry>Ls>An>Gd, Cs>Gb>Gr ¢ 7% 5. %
72, RREMPTC & OHAPIYTIE, i AR b



1

10 ER o EEZL (after Matsukura et al, 2006)

35 10EMOIBESEE (BILHERE) FERAIIRD O 5 £ M ORIEE) (B4 %/y) (after Matsukura ef al., 2006)
Rock type Ground surface Humus soil layer Unsaturated grus layer ~ Saturated grus layer Mean for the four settlements
Granite 0.012 (0.011) 0.014 (0.015) 0.013 (0.014) 0.017 (0.020) 0.014 (0.015)
Granodiorite 0.023 (0.019) 0.017 (0.018) 0.015 (0.016) 0.403 (0.397) 0.115 (0.113)
Gabbro 0.017 (0.016) 0.016 (0.018) 0.015 (0.016) 0.024 (0.031) 0.018 (0.020)
Limestone 0.218 (0.110) 0.071 (0.082) 0.098 (0.094) 3.058 (3.672) 0.861 (0.990)
Andesite 0.053 (0.091) 0.070 (0.125) 0.043 (0.070) 0.005 (0.002) 0.043 (0.072)
Rhyolite 0.394 (0.538) 0.302 (0.435) 0.349 (0.426) 0.249 (0.342) 0.324 (0.438)
Tuff 1.013 (1.274) 0.480 (0.660) 0.665 (0.808) 1.949 (2.290) 1.027 (1.258)
Crystalline schist 0.023 (0.025) 0.021 (0.024) 0.019 (0.019) 0.034 (0.048) 0.024 (0.029)
Mean of all rocks 0.219 (0.261) 0.124 (0.170) 0.152 (0.181) 0.717 (0.850) 0303 (0.366)




K& (0717%), ®KWTHLE (0219%), R
7 (0.152%), BHEET (0.124%) D& %1,
T b bR > Mk > R > 1 O-
2% b, LPLEIIZL > TdRAfEER & 5D
i ch b b dH b, oL 21E, Ry 3k
TOMEEIRIREL, AnTlrEET I RD
KEW, PUEoZ & sEEEKITET S BLs
BEOMH IR RIE LTV B Z EDfAb s,

FICRIS, EALEE & RS E OMb Y &
%M%’&fw<k KRELKDEH B 3ODH
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TH5DH. UTIZENEND Y A 7T &\ ZFEHINCR
A 1) ORATEOAIHEIKE AL LD
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Falz7ay b, & EHESRO LN
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FRASFRD b7z, O8I, Matsukura and
Matsuoka (1996) 7 & THREINTWSH AL
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5, ffE DAL OGETIC B B ELE LTiE, W
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WIS nwEw)Eirdd s, eI d
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F2X  BEALIEH & AL EE & ORILR
(A) b E, T A8 SRR
(B) ffIRF 2B 4% (after Matsukura
et al., 2006)

wt% d' &R0, BAOF 50 5L R (EE
R BHNZ Db h o7,

D k) I L ERNOEBFEROAETEIZOWN
T, Yokoyama and Matsukura (2006) (XL F o
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Regional Climate Simulations to Diagnose Environmental Changes
in Mongolia

g KE - K BT
Tomonori SATO" and Fujio KIMURA™

Abstract

Arid/semi - arid region in Northeast Asia has been suffering from climate change due to
the global warming. Cold season temperature has been rapidly increasing in recent years,
especially during the cold season. Dynamical downscaling using a regional climate model
is one of the methods to evaluate the regional - scale climate change with high resolution.
In this study, numerical experiments were carried out in order to reproduce past and future
regional climate condition in Mongolia for the use of environmental studies in RAISE
project (Sugita, 2002). A modified version of the Regional Atmospheric Modeling System
developed at Terrestrial Environment Research Center, University of Tsukuba (TERC -
RAMS) was adopted to simulate hydrometeorological condition with 30 km horizontal
resolution. Spatio - temporal features in ten - year integration for 1994 - 2003 were
compared with local observations obtained during RAISE (The Rangelands Atmosphere -
hydrosphere - biosphere Interaction Study Experiment in northeastern Asia; Sugita, 2002)
project. Seasonal changes of temperature and precipitation were well reproduced in the
TERC - RAMS although cold - season temperature and precipitation were overestimated.

Downscale experiments nested within the global warming test runs of general
circulation model for 2071 - 2080 period indicated the possible climate change in Northeast
Asia including Mongolia. One - hour interval dataset of model variables in both recent and
future climate integrations will be provided to the research community. Variety of impact
assessment such as on agricultural production, ground water, and carbon cycle can be

possible by the use of this dataset.
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| Introduction

Mongolia is a landlocked and elevated country
on the Mongolian Plateau in Northeast Asia.
The western part of the country contains very
complex topography with major mountain ranges
of Altai and Khangai Mts. while relatively gentle
topography occupies the eastern part. Vegetation
cover also changes drastically. Southern Mongolia
is arid area where vegetation is hardly seen in
Gobi desert. But northern part of Mongolia is
covered by grassland and forest being connected
to Taiga forest in Siberia. Thus, Mongolian
territory exhibits a transition of vegetation.
During winter, snow accumulates in northern
part. In general, transition zones of vegetation
or snow cover are likely to show vulnerability
against the external forcing such as global-
scale climate change. Furthermore, most of local
people rely their water on river and groundwater.
After the global change, shortage of available
water may occur if precipitation is decreased, or
evaporation is increased. Additionally, abundant
grass in Mongolian steppe has maintained
traditional pasturage for a long time. If the land
degradation extends, and if it causes the shortage
of grass in Mongolia, their grazing activity
becomes difficult to continue in the future.

In order to assess future changes of water
resources or vegetation product, projection of
the climate change with high spatial resolution
is necessary. In the RAISE (The Rangelands
Atmosphere-hydrosphere-biosphere Interaction
Study Experiment in northeastern Asia ;
Sugita, 2002) project, changes of atmosphere-
hydrosphere-biosphere interactions have been
studied using three physical models, regional

climate model, distributed hydrological model,

and terrestrial carbon cycle model. Atmospheric
condition under the global warming due to
increasing greenhouse gases emission is
evaluated by the use of regional climate model
and general circulation model products.

Sato et al. (2006) proposed a new downscaling
method using regional climate model which
makes possible to enhance simulation skills
reproducing the past climate by using reanalysis
data as well as the general circulation model
products. Since their interest was only for the
precipitation during summertime, year-round
validation of meteorological variables is the
target of this study. The evaluations compose
of two integrations, the recent climate runs and
the future climate runs. This paper validates,
at first, the ability to reproduce recent climate
by the regional climate model, and second,
reports the changes of meteorological variables
simulated by the model. Section Il describes the
regional climate model and experimental design.
Comparisons of meteorological variables between
recent climate simulation and observation are
addressed in section lll. Future changes of
precipitation and temperature are described in

section IV.

[ Method

2.1. model description

The Regional Atmospheric Modeling System
(RAMS; Pielke et al., 1992), which was originally
developed at Colorado State University, is
adopted in this study. The physical schemes
in RAMS has been modified and replaced
at Terrestrial Environment Research Center

(TERC) to improve the predictability in regional



climate simulation (hereinafter TERC-RAMS).
Detail of configuration of TERC-RAMS for
the RAISE project was described in Sato et
al. (2006). Arakawa-Schubert type convective
parameterization (Arakawa and Schubert, 1974)
and microphysics parameterization (Walko et al,
1995) are used to calculate precipitation in the
model. Formation of the subgrid scale cumulus
near the top of the convective boundary layer,
which affects the surface radiation balance, is
parameterized by grid mean relative humidity.
The concentration of carbon dioxide is assumed
to be constant in all experiments by the TERC-
RAMS experiments. The TERC-RAMS has two
grid systems for two-level two-way nesting. The
coarse grid system is centered on the Tibetan
Plateau with a 150 km horizontal resolution
covering an area of 12,000 X 9,000 km. The fine
grid system covers the whole of Mongolia with
a 30 km resolution. Both coarse and fine grid
systems contain 30 vertical layers in a terrain
following coordinate system. The thicknesses of
the vertical layers vary from 110 m, at the lowest
layer, to 800 m in the upper layers. The top of the
model atmosphere is 17,500 m. Surface conditions
in the TERC-RAMS domains are given by a global
land cover characterization dataset provided by
the U. S. geological survey (Loveland et al., 2000),
which is based on satellite observations by an
Advanced Very High Resolution Radiometer
(AVHRR). The TERC-RAMS uses distributions of
the Leaf Area Index (LAI), the vegetation albedo,
the roughness height, and other parameters
of vegetation determined in the Biosphere-
Atmosphere Transfer Scheme (BATS; Dickinson
et al., 1986). The soil texture is assumed
uniformly as sandy clay loam type with saturated
volumetric soil water content of 0.42. The TERC-

RAMS does not contain snow model. Initial soil
moisture for numerical integration in coarse and
fine grid systems are firstly computed by one-
month integration of TERC-RAMS starting from
homogeneous soil moisture condition.

Meteorological variables in the coarse grid
system are nudged to the forcing dataset with
the time coefficient of 10 minutes in six grids
from the lateral boundaries. The inner part of
the domain is also nudged very weakly with
the coefficient of four days. For the ten-year
calculations of both recent and future climate
runs, time-slice experiment is performed in which
each integration covers 35-day period initialized
by the forcing dataset.

We use two forcing datasets for each of the
recent climate run and the future climate run
which are mentioned in section 2.2. and 2.3. After
section lll, the results in the fine grid system are
mainly presented and discussed, since the target
of this study is regional climate validation and

prediction in Mongolia.

2.2. Recent climate run

Meteorological variables, such as wind speed,
temperature, humidity, and geopotential height,
in the coarse grid system are nudged to the
NCEP/NCAR reanalysis (Kalnay et al., 1996).
The NCEP/NCAR reanalysis is produced by
the model incorporating surface and upper air
observations in the world, which can be regarded
as the representative of the recent climate. By use
of the six-hourly reanalysis, recent climate run
prognoses meteorological variables from March
of 1994 through February of 2004. Variables at
each of 30 km resolution grids are archived with
one-hour interval.

The results from recent climate run are tested



by comparing with the observational data in
Mongolia. Three-hour-interval meteorological
elements from 1993 through 2004 are provided
by Institute of Meteorology and Hydrology
(IMH), Mongolia. Sensible and latent heat flux
and 4-component radiation data at both of KBU
site (108.78E, 47.28N) and Forest site (108.65E,
48.35N) are also used to validate the TERC-RAMS

simulations.

2.3. Future climate run

A new forcing dataset were made for the
future climate run using 6-hourly product of
SRES-A2 (Nakicenovic and Swart, 2000) scenario
run by MRICGCM2 (Yukimoto et al., 2001). The
procedure to make the forcing dataset for TERC-
RAMS is as followings.

A, v,z )=NEX, y, z, )+G'(x, v, z, m) 1

where A is meteorological variables, such as
wind speed, temperature, humidity, geopotential
height, and Sea Surface Temperature (SST) in the
new forcing dataset. N represents the atmospheric
variables in NCEP/NCAR reanalysis and sea
surface temperature provided by Reynolds et al.
(2002) from 1993 through 2004. Both A and N are
in six-hour interval. G' is the perturbation term
defined as the changes of monthly-mean variables
in each month evaluated by MRICGCM2. G' can
be calculated as

G'(X7 yV Z? m):GF(X’ y? Z7 m) - GR(X) y? Z? m)Y m:1’27""12 (2)

where GF and GR are ten-year-mean of monthly-
means of variables during 2071-2080 and
1991-2000, respectively.

Biases induced by GCM are much reduced by

using the new forcing dataset instead of some
limitations in downscaled future climate. We
evaluate the changes of meteorological variables
under the global warming, which are addressed
in section IV, as the difference between recent
climate run and future climate run. Recently,
very similar approach to reduce GCM bias was
attempted by Misra and Kanamitsu (2004).
Advantages and disadvantages of this method to
apply to global warming studies were discussed
in Sato et al. (2000).

Il Comparison with observations

3.1. Temperature

Figure la and le shows winter (December-
January-February) temperature. Temperature in
TERC-RAMS tends to show higher value than
observations. The largest bias is found over
central and northwest regions where Khangai
and Altai mountains are located. Around these
two regions, temperature in TERC-RAMS is
about 5 K higher than observations. This is
mainly attributed to the fact that current version
of TERC-RAMS does not explicitly simulate
accumulation and melting of snow. Another
reason relates to the method of comparison
between the observation and the model. Usually
numerical models use digital elevation maps
comprised of mean elevation in the grid box. On
the other hand, local observation sites are usually
located at city or village rather than high place
like mountain top. Therefore, the elevations of
the local observation site and the neighboring
model grid are basically different, in particular,
near mountains. At worst, this effect causes the

difference of elevation more than 500 m in the



Fig.l1 Ten-year-mean temperature distribution from the (left) observation and (right) model. (a) and (e)
December-January-February. (b) and (f) March-April-May. (c) and (g) June-July-August. (d) and (h)
September-October-November. Shades and contour intervals are different with seasons.

mountainous area. During the cold season, due
to cold land surface, stratification near ground
surface becomes very stable. Therefore, warm
bias in the model is the most significant in winter.
In spring (March-April-May), TERC-RAMS
simulates seasonal mean temperature and its
distribution very well (Figs. 1b and 1f). In summer
(June-July-August), the model shows slightly
lower temperature around mountainous regions
(Figs. 1c and 1g). In autumn (September-October-
November), temperature distribution is very well
reproduced (Figs. 1d and 1h). Since wintertime

temperature is higher in the model, annual range

of temperature is lower in the model than the
observations (Fig. 2).

Figure 3 shows seasonal/intraseasonal
variations of temperature at six representative
stations. The model excellently captures
intraseasonal variations which are mainly caused
by the passage of cyclones and fronts. However,
December-January-February temperature is
overestimated except for stations in southern
Mongolia. At Muren and Khovd, simulated
temperatures during the summer are lower than
observations. Cumulus over the mountain may be

formed too frequent intercepting solar radiation



Fig.2 Ten-year-mean seasonal variations of temperature (lines) and precipitation (bars). Black lines
and bars represent observation. Dark and light shaded lines and bars represent model results

from recent climate experiment and future climate experiment, respectively. Error bars indicate
standard deviation.

Fig3 Intraseasonal variations of daily mean temperature from observation (thick line) and model (thin
line) at representative stations in Mongolia. Periods are from March 2003 through February
2004. (a) Muren (100.15°E 49.65°N, 1288 m). (b) Ulaanbaatar (106.87°E 47.92°N, 1306 m) (c)

Choibalsan (114.52°E 48.07°N, 759 m) (d) Khovd (91.65°E 48.02°N, 1405 m) (e) Dalanzadgad (104.42
°E 43.58°N, 1462 m) (f) Mandalgobi (106.27°E 45.75°N, 1393 m).



around these two stations.

3.2. Flux and radiation

Sensible and latent heat flux and radiation at
KBU and Forest site are compared with those
from model using nearest grid point value. Figure
4 represents seasonal change of net radiation
at two sites. From early summer to autumn, net
radiation from TERC-RAMS is in good agreement
with the observation. During the cold season,
simulated net radiation shows larger amount
than that observed. This is because the model
does not contain snow processes; thus, surface
albedo tends to be smaller. Seasonal change of
sensible heat is well reproduced by the model
albeit too large amount in June. Seasonal change
of latent heat is also well reproduced. The model

tends to overestimate latent heat flux in April,

which might be related with large amount of
precipitation in this season as addressed in the

next section.

3.3. Precipitation

Figure 5 shows the comparison of
precipitation. Precipitation in the model tends
to overestimate in all seasons. Especially, over
the mountain, simulated precipitation exceeds
twice of observations in spring, autumn, and
winter, although the model captures regional
distribution, i.e., less precipitation in southern
part, and seasonal cycle. Such overestimation
except for summer can be also attributed to the
absent of snow in the model which results to
absorb more solar energy at the surface owing to
the lower surface albedo. Heated surface is useful

to organize or intensify the precipitation systems;

Fig4 Intraseasonal variations of (top) daily mean net radiation, (middle) daily mean sensible heat
flux, and (bottom) daily mean latent heat flux at KBU site (108.78°E 47.28°N) and Forest site
(108.65°E 48.35°N). Thick lines from observation and thin lines from model.



Fig.5 Ten-year-mean rainfall distribution from the (left) observation and (right) model. (a) and (e)
December-January-February. (b) and (f) March-April-May. (c) and (g) June-July-August. (d) and (h)
September-October-November. Shades and contour intervals are different with seasons.

thus, it causes too much precipitation in the
model. On the other hand, observed precipitation
during winter might be too small possibly due to
the problem in snowfall collection by rain gauges.

In Mongolia, more than half portion of annual
precipitation falls during the warm season. As
seen in Fig.2, the TERC-RAMS well reproduce
the warm season rainfall. Interannual variation
of warm season rainfall is also well reproduced
in the model (no figure). Additionally, probability
density distribution of daily rainfall intensity
is very well simulated in the model. More detail

description on the warm season rainfall can be

found in Sato et al. (2006).

IV Future changes

In general, changes of meteorological
elements estimated by TERC-RAMS are strongly
dependent on the choice of the forcing GCM,
greenhouse gas emission scenarios, and the
period of analysis. In this section, evaluated
changes by downscaling experiment using A2
scenario run of MRICGCM?2 is addressed.



4.1. Temperature

Increase of air temperature due to the global
warming is more drastic in the high-latitude
region. Northern Eurasia including Mongolia is
one of the regions expecting largest increase of
air temperature (Houghton et al., 2001). Usually,
the increment of air temperature in wintertime is
known to be larger than that in summertime. In
TERC-RAMS, the increment is larger in autumn
and summer rather than winter and spring (Fig.
6). In summer, increase of mean temperature
exceeds 2 K in whole Mongolia while it is less
than 1 K in winter. Monthly mean temperature
shows higher in all seasons after the global
warming as seen in Fig. 2. Therefore, annual
mean temperature, on average, rises 2-3 K in
Mongolia. In our evaluation, annual range of
temperature does not change largely. But, when
snow processes at the surface can be treated
appropriately, the annual range will be decreased
significantly after the global warming owing to

more severe temperature rise during winter.

4.2. Precipitation

Change of precipitation under the global
warming is very complex; and thus, it has
been difficult to estimate. By TERC-RAMS,
precipitation change in winter and autumn shows
slight increase compared to the recent years (Fig.
7). On the other hand, precipitation decreases
in spring and summer. Most prominently, in
summer, precipitation decreases almost entire
Mongolia, especially around mountain. The
change of annual mean precipitation shows
decrease in central Mongolia where Khangai
Mountain located and increase in western and
southeastern Mongolia. Decrease of warm season
rainfall is a serious concern for river water and
ground water management. Natural vegetation
growth might be also affected by shortage of
available water. Changes of rainfall intensity and
interannual variability in summer are addressed
in Sato et al. (2006).

Fig.6 Difference of seasonal mean temperature between future climate experiment and recent climate
experiment. (a) December-January-February. (b) March-April-May. (c) June-July-August. (d)

September-October-November.



Fig.7 Difference of seasonal mean precipitation between future climate experiment and recent climate
experiment. (a) December-January-February. (b) March-April-May. (c) June-July-August. (d)

September-October-November.

V  Conclusion

Numerical experiments are carried out in
order to reproduce regional climate condition in
Mongolia for the evaluation of environmental
changes in RAISE project. Spatio-temporal
features of meteorological elements in ten-year
integration for 1994-2003 are compared with local
observations obtained during RAISE. Seasonal
changes of temperature and precipitation are
well simulated in the TERC-RAMS although
cold-season temperature and precipitation tend
to be overestimated. These results indicate
that the snow model should be included in
the TERC-RAMS for the evaluation of winter
season climate. During warm season, the model
well reproduces the meteorological elements
in Mongolian region. The TERC-RAMS well
captures seasonal/intraseasonal variation of
temperature and rainfall distributions.

Downscale experiments using global warming

test runs by general circulation model for

2071-2080 period indicate the possible climate
change in Northeast Asia including Mongolia.
Temperature rises in the entire Mongolia in all
seasons after the global warming. Warm season
precipitation decreases, especially in central
Mongolia where sources of the major rivers are
located.

One-hour interval dataset of meteorological
elements in both recent and future climate
runs are planned to distribute to the research
community. Variety of impact assessment or
researches such as on agricultural production,
ground water, and carbon cycle can be possible

using this dataset.
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Measurement of Gaseous Diffusion Coefficient
in a Grassland Soil Using an Osozawa-Type
Diffusion Apparatus

BHOEET R ORAT
Yohei HAMADA" and Takehisa OIKAWA”™

Abstract

Gaseous diffusion coefficient in a soil (D) is essential to evaluate soil gas fluxes such
as soil respiration rate using diffusion equations. Although many researchers have
studied on the relationship between D, and soil physical properties such as air-filled
porosity (f,) and total porosity, a universal relationship that can be applied to any soil has
not been established. Considering spatial heterogeneity of the soil, a simple, rapid and
inexpensive method that can directly measure D, of soil samples is needed. In this study,
a diffusion apparatus that can be used to determine D, of undisturbed soil core samples
was developed after previous works by Osozawa (1987) and Osozawa and Kubota (1987),
and the procedure of operation and the correction of measured values were established.
The influence of measurement errors of the parameters used in the calculation of D, was
also evaluated. Measured values of D, for a grassland soil were generally proportional to
6,, and the relationship was well represented by Troeh's model, which gives the relative
diffusion coefficient (D, /D,, where D, is gaseous diffusion coefficient in free air) as [, —
u)/(1 — u)]" (where # and v are empirical constants determined by statistical analysis),
rather than other traditional models having no empirical parameters. Indeed the discovery
of a universal relationship between D, and soil physical properties is one of the ultimate
goals in soil physics, the direct measurement of D, and the use of Troeh's model are more

useful and practical for flux researches.
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Correction of Sensible Heat Flux Measurement Errors

Using a Universal Function of Standard Deviation of
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A Dataset of Wave-Flume Experiments of the Threshold
for Ripple Formation on Beds with Perturbations

Tomohiro SEKIGUCHI"

| Introduction

The purpose of this report is to present the
total dataset of the wave-flume experiments
conducted by Sekiguchi and Sunamura (2004,
2005), who examined the threshold for rippling on

sand beds with different bottom perturbations.

Il Laboratory experiment

The experiment was carried out using the wave
flume (14 m long, 50 cm deep, and 25 cm wide)
with a piston-type wave generator (Fig. 1). At the
onshore end, a fixed slope of 1/20 was installed to
reduce energy of waves reflected from the down-
wave side of the flume. A sand bed (3 m long, 25
cm wide, and 3 cm thick) was constructed in the
horizontal portion of the flume; both ends of the
bed tapered off to reduce the local disturbance
of flow. Three types of sand beds with different

perturbations were prepared: (1) a horizontal flat

bed, here referred to as “the flat bed,” (2) a bed
with a notch (Fig. 2a), described as “the notched
bed,” and (3) a bed with a notch and two mounds
(Fig. 2b), called “the notch-mounded bed,” with
bed perturbation increasing in this order. The
heights of disturbances on the bottom were 1.5
cm for the notched bed, and 2.3 cm for the notch-
mounded bed.

Three kinds of well-sorted quartz sand were
employed for the bed material; they have similar
densities, 2.6-2.7 g/cm’, but different median
grain sizes, i.e.,, D = 0.021, 0.038, and 0.054 cm.
The hydraulic parameters were: 20 cm < /2 <
30 cm, 1.0 sec< T <35sec,and 1.7cm < H <
13.0 cm, where 7 is the water depth above the
horizontal portion of the sand bed, 7" is the wave
period, and H is the wave height over the sand
bed. The hydraulic conditions were kept constant
through each experiment run. By combining
these experimental parameters, Sekiguchi and

Sunamura (2004, 2005) carried out 47 runs for

Fig. 1 Wave flume used in the present study

Terrestrial Environment Research Center, University of Tsukuba
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Fig. 2 Two types of topographic
disturbances used in the
experiments: a notch (a), and
a notch and two mounds (b),
both located in the central
portion of the sand bed

the flat bed (Table 1), 113 runs for the notched
bed (Table 2), and 82 runs for the notch-mounded
bed (Table 3). Each run had 30-min wave action.
Ripple formation was recorded using a digital
video camera, and photographs were taken at a

certain interval of time.

Il The analysis of Sekiguchi and Sunamura (2009)

Three dimensionless parameters were
employed in the analysis of Sekiguchi and
Sunamura (2005): (1) the relative water depth to
the wavelength, (2) the mobility number, and (3)
the Reynolds number. The relative water depth
to the wavelength can be described as &% (k. = 2n/L;
where L is the wavelength). According to linear
wave theory (e.g., Komar, 1998, pp. 161-168), L is
given by:

oT
2m

L= 2 tanhkh (1)
where g is the gravity acceleration.

The mobility number, M, is a simplified form,
which neglects the frictional effect, of the Shields
parameter that describes the relative magnitude
of bed shear stress to the resisting force against
the motion of sand grains, and is given by the

following equation:

2
Uy

~ - gD @

where u, is the near-bottom orbital velocity, and
s is the specific gravity of sediment. Sekiguchi
and Sunamura (2005) employed s = 2.65. Linear

wave theory gives u, as:

nd,  nH
T~ T sinhkh 3)

ub:

where d,, is the orbital diameter.

The value of the Reynolds number was used
in order to describe flow disturbance due to
the perturbation of the bottom surface. The

Reynolds number is expressed by:

Uy hm
A%

Re = @)
where 7, is the height of disturbances on the
bottom, and v is the kinematic viscosity of water.
If the bottom is flat and smooth, /%, should be
replaced by D:

Re :M 5)

v

which is often called the particle Reynolds
number (e.g., Nielsen, 1992, p.165).

Their analysis showed that the threshold

decreases with increase in bed roughness and
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Fig. 3 Relationship between the Reynolds number, Re, and the mobility number, M, for ripple initiation
with different ranges of the relative water depth, k% (after Sekiguchi and Sunamura, 2005). The
solid curve in each graph denotes the threshold for ripple formation.

attains constant value with further increased bed where
roughness (Fig. 3). The threshold also decreases
as kh increases. They proposed the following A= 5.7(%*1)
empirical model of the threshold for rippling
considering the effect of bed perturbation: and
M=2+AexpB ©) B=-8 X 10*Re
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