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Development of soil moisture model of extremely thin ground surface which is an
indicator and influence for occurrence of wind erosion
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By "Development of soil moisture model of extremely thin ground surface
which is an indicator and influence for occurrence of wind erosion® , the change of soil moisture of
soil grains (hereinafter called soil grains: SG) of size in 0.1 to 3.5 mm which is the source of
dust present on the ground surface was determined. This study established a method for determining
SG density, and it was clarified that the density of SGs in the dry condition (air dry) of samples
in various parts of eastern Japan was about 1.10 to 1.35 g/cm and increased to about 1.63 to 1.74
g/cm immediately after rainfall. In nature, weather conditions such as rainfall, humidity and
radiations revealed variations in SG density at any time. These changes in SG density create SG

weight lighter depend on SG density vary 1.10 to 1.35 g/cm in dry and 1.63 to 1.74 g/cm in wet
condition.



1. WFEBRAES IO &

507 AN A 20 i e TGS L R B T D AR 1L, A BRI TREANK S & & IR NIHA
LCIZAUSTE O BN A% D L) ICMilET 5, ZOWEI, BEOEEE CHLIERTOT
REBEWTDZ L LB, BETEOMAT CIIWEREE~DEARCAE~DOR G| 72 L ATE
BREOIELZEWRL, SLICREKEOLREEENT, ZORBIIFHNRY NH Y, PIEI»LE
WD IXWTIE & A EFA L, ZORRBOFRAE LT SIE, THERS T 2 kiR ciill <
NBN, BHOMFBEIZIT KO AT EEEEZEY IR L, MEMRICTEST2KIZEZND
KD DM, BB > TWRY, HIFREIZIIEEA RIBRORE SO LRBPFELTWD, =
LS O BRI HRERAR O K LT E D ITHME Lo Wi 7e 1okr & 72 o 72 0 & & 0B L
720, BRONZE &R anBi#+ 5, —F TR EZBE I RO NIcx LT, Thilck
%9 % THOKO & & R mic @< DI EORELIGIT 58 THDL EE 2T,

2. WO ER

AHFIENE, B E S TR BRAET DB Z MG 5 720 OHEAMTBARIC 272228 5 FEHEN)
HIETH D [HMEBEHOWWEE ) 2£EB LB T VORBEEZ BN ET5, HiEE b OBEE
DOWFFEIZ LY, THEOHMOFRE 2 b NIFRE DR X HIZ XL > T, BBOFRAELWED X A 7%
HIp D ERbho TS, TN EAHLOEEE IR KB T CIIAFEOMWEHIRIZ L > Th
BUTHRECPKIRIC K-> TRBENT 5, 2K W IEMOShE 72 S b, BRI TR A L
72035, £ e R CRERR S D TEER I\ T, B BRI THREAK <
LxZ, HRECBKEE & & HICREIC LD BRIIBEIT S, ZUS L0 JEE—m R EILE D,
BAEMA~OEBEO L T2 b TFH R EOEIGE~OWEOR AL, & FOEKN~OE Y AL E
DEBNE 2 5D, HHEOERISHA A 2 5RO ESIR S RN E H - T, JAENFEAT
LHIREE L 72 B B O ERREE CHIUE, WEOTRENGE D, T70bb, HE 10em FEEOFKHE
T O 7k B (KFE) Tk, I<EWERE LEOKSE (K 2 EEHAEDFRIE
IENDHZRETHY, ZOHOIEKSE L HIIRET-50W 2 En, KRGECTHETRE
THEARGET VDB EINDEEDLD D,

3. WFRO L
AHFFEDORGEIT J > T THRIEE | NERILTE 72, HERITKIRCr v v v & Vi ke )5
B Lo TORLRBEENE BAL SN2, RIFRORRIZ L > TR T L O LRIHBEZ15 D
ZENAREICIR o Te, TORMEIT RO ZERAR L Z DZEROKIZ LD FHEEN S DR OB &%
BETXAHLIIT LT, 2D T, KO key word Th 5 [ < #WHIFR | 1%, [1hi—hkr
T LD OERICHENICE SR THRET 5,

4. TR e = @
4.1 ROEERAEDIRIE L 7o D BEEGE L & ki 5 B

(A i - MR - RS - AR - AARETS) w =4mZ )
4.1.1. 1FL®IC K Zm

JRBNZ LW EED R AT REAEED R THLR LEDOTK 1 2

EEWRL, FRARRRES~ORENREINS. BIRFE M 1=;ma- 3)
O HOER L REOFFEIHRELNTEY (@ADL, 2016),

OB L oMLK E IR L TRV DD | |2 o, @

ZEBHBNTEATND, W EEITIREIC LD HE S EELL 72 Zy
T ORITHD. FORIBSHENSEEBL T, 158, PR
(RfE) DIEREZ L DT, LRI HDOEVAEWNITER S | e¥=e% =— ©)
5. ZOFVENITIE, TOROEEOZERRKEINEEZ SN
%. FI-HE T ORI N EN X MEO DB T EIC L DT ART | 2= ez = 1.5zy ©)

HChBZLRBHCES, ARETIL, BOEAMREDE | .y @
L7 HEORL(LAT, Th0) O EZ T, LORBBE 460

BIRREEBEE I L LBV TR oo =4 [P PIIDs o)
4.1.2. BFFED ik Pa

4.1.2.1. EGEDOENE AR
fE N R P 0 (R B I O ARER rE o dmA) A PN 25 O

I-1.ERALE-RAOETIL
Wind aerodynamic models



iz BT EGE S m A OB A1 T o7, R E R 0.8, 1.3, 1.8m [ZERE L7 3 AREEE G (HCE G
FRIES, AF750) %, B\ AT 2.1m (ZF%E L&A E (VF016) D H /)& T —4#177 (CR-10X) T 2 #f5
(CAF Y LT, 10 43BN, R Kz —7 Uiz, JADOSE SR BT HEETHD, AED
HE R E L. 2T —4 5 Bameoud and Ek(2019)0 515 CEEEGHR L u«, FLEE 2y, Hifm&
1E& d 728 DZER I FHIRE EA R Tz
4.1.2.2. JRD xR & R

I -1 ICARRFFECRRETLIZER DET LA F LTz, HEAEDZROE S 2 - oo Y235 [RGE DO S E
A u@IE() THLDOIND. ZTUT wTEEHE, zv [THLE THD. (1D u(z)D® uslZFELNEL
THRQ)DOINTBLEXQNCEEHZOND. NI~ EELDOTR@) DA T 0.4 LBLZENT
=, KO)DINTEENZT 2 ITHOWTEHITLEXONELND. ZTLTH(T)DEBY uxLZEL u(z)
DEE z [THE 2 D 1.5 [FTHAZENEND. ZO MRS R E & 4h 6 D& & O JRGHE 2 34l 3

2.
4.12.2. LORIOESEE

WEEDNFRE AT D Ch ORI IR A
14 g DS, 2016 45 8 H 10 HIC
EE 10 em TEELZ HEEORIRT LD - okL
(Fz, LAF tokiE5e4) D% %, Suzuki and
Matsuoka(2020) kTR 7=
4.13. FEREBLE
4.13.1. BRIOEE

I -2 (Suzuki and Matsuoka, 2020)(%, PN
Ry SR O W VROV R TN P TR = R
BEOEEFRLTWD. KD DS
KA 6% 72D CRELD LRIFEE yaon I,
BIRZ L2 1.05 235 1.21gem™ 7257, Zhun
HARIRRE CRIRD &K ILEE X DL, WED
BEIIZORETCHLHIENHERISND. Fz
PEER D TR 796 v 13 2.49gem™ 72 DT,
JERE, R B & R FED B yalys 13 50%
LIFTHHZEN DN,
4.1.3.2. BRIEEEGEEE wecris

JFGEDERE AT DT —H DM ) TR
HOA BRI smS YUIR) 2R, Y bt
HEEIER dm)a2L5 W THEE 2y=0.001m
BELNTZ. L3> TR T, X(7), (8)D
ERVES 1.52¢=0.0015m(1.5mm) D -1 JEH
u(0.0015)23 w2725, ZZ TIEfHO7-HIZ 1
KIBRIZEHD ST we=0(0.0015)73 1 11 o> +-H7
I N Tl D wt YA N R N A i 7
LN RAA(B)DIRIEEGHE uveri (Bagnold,
1941) TERILIZ. ZZTR®)D et DHEHIC
VBEIRIDEE Dy 1, BELE IO D
TR ELLT 1.1, 1.6gem?, Wb E/-1XHiv
BRELLT 2.5gem™ A B HL TIRaT3%.

[-3 1%, LRkl (R EEEGHEEE DR
f2ERLTND. ORI HIE R CEIZIEDD
EXOBEEE X RN 1.1gem™ (XL
TR L DZAGIT NSNS, 2.5 gem™ (2%F
LCEIRE. X 1 -4 (X EROBE, KRR
REBEEEEOAFRERLIZLOT, MfIZE
BOERE wd 0.4 FTEILKLIZ. SIS
1.8m O R u(1.8) % DEEHID 1T,
ZOMD FINLET D usere THAUTE S IAD

1.80
L \.Q\
1.60 | Yaw= -0.025In(x) + 1.6622 .
' R?=0.4111
1.40

i Va(wap) = -0.049In(x) + 1.1176
120 R?=0.9974
© Vm
1.00

. Vaw
V.4 = -0.046In(x) + 1.0544
® Va(wan) R?=0.9974

0.80

wet/dry density of soil aggregates (g/cm3)

0.01 0.10 1.00 10.00
representive diameter of soil aggregate (mm)

[-2. fafl, REzH & VB LHEE

Soil aggregate density with soil water

40
p,=2.5gcm
2 30 |
3
w20 T
|
&
# 1.0 f
B
B
00 Tl 1 i i1
0.01 0.1 1

#if% Dp (mm)

I3 THOHMBELRAEEERE DB K
Relationship between aggregate density and critical
friction velocity

PR SREEIRER L
wE
® Ligem
B i6gem’ 02
A 2.5g/em?
itk
0.05mm

0.0 1.0 2.0 3.0 4.0 5.0
& & 1.8m D JEE u(1.8m)  (m/s)

[-4 AERETHEE, NEERRAEREE

Wind velocity and Soil aggregate density, diameter

and critical friction velocity



BeEZD. M1 -4 12558, u(1.8)A% 2ms! TITRIFRA 0.05~1.0mm O TRIOWT HE BN,
2.5ms! ZHBZHE 0.05mm DO HRITE N 1.1~2.5gem™ DWW b EIE4ED, 0.1mm O K3 EEE
RFCHEED 11gem™ OLATZTAEIK. 4.0ms”! TITRIAEDY 0.1mm [ ZHE D 1.6~2.5gcm™> 5T
XA 5. Sms! TIHEE 1.1gem™ @ 0.5mm O KL EIEXIED S 1.6~2.5gem™ O HH7 X E)R
U,

YL EDOFERD G, D287 o 7. O RGO TR BT L LTRSS, RORIZ
VAR EZ . QT T2 TRIO R BEEGHE yren 13/, W EVTHWETENXAHD HZ EHFHAM
TETZ. Urerit VL IRIDBNEbEO DEEEGEE CTHORPEEDFE LA E HIZFRIILI2 S, TR E DA
TR BEMEOE mARFHEAN FTREIZ 7257z,

4.2 HHARDMHN HIFAT HHPEED TN

(€20 NI IR 2 S = SV N R AN VA i TR

42.1. XL ®IC

RABICLAWEORAITEELEEOEE THHIRLOUREZERL, FARRRESE~OFE
PRSI ND. BARFEHRFOEHMOER & BEORENRHR L LI TEBY @ADL, 2016), ZZ
THYEEIZ 72 B L ORISR T HIRIC L > TEWRSH D Z ENRBH LN > TWVED. HAARL
OISR ENRRAETHZ EIFMOLNTEY, —HFCHBEARTIEOEVFIEIZRDZ &N
% < 1Z72\. BOEEIIIREUC K W RN GEERL L 72 0k TH D . LRI HE SEENL L C, 5
&, BKEEOREOIEEES & H00NE, LORIZE IOH Y HWITRIKT 5. o8 AWVITiE,
T ORI DEEDOFBENKE V. Suzuki&Matsuoka (2020) (K I-1) Xk AE&Te ki (LLF,
ki) OB ERD D H1E (BRIEERIERE) 2482 L T D, RfE Tl o R EREE
(Suzuki (submitted)) (2 & > TRD7=KHD HRIBEEDERIZONW TS,

4.22. ¥RLE Fik

4.22.1. B ABFEICHEAL72B0EHT, REFRRATAI (BUF, 438 1ZUe, #ERKH
s (%), TRERNETIN\E O\, ey S gl Qi O HEE O CHER L
7B TH D, FEAAROFEEE UCTmEkLEEAT (HE) oI 0 Me SEw e (B
W) U7z, EREN/NIWIDIE, TRIEE & PR FERENELS b B x, BEWT —4
D \NEAY & LR FE R E L ORI O 7= DI L7z, BBHIRIURICENIZB W THaI
JRFL L CRIECHE L7z, BAAROKHO 3k LK+ CHEMEFRHE T Y vov b, B o 5T
E TV MECOVRME L TH S,

4222, RN EE

(1) LRk BRI 20°COMEREN TEM L7z, FEHT Smm 550 THH W, oo+
BT TABTIES LIZRICHESD o 72 Smm 55 Vlis Th 5. slkbHT, REKEHK 18
B SE 720512 2.0, 1.0, 0.5, 0.25 %10 0.105mm @ 4 SD#L5 5V (DIK-2001) T
KPR L7z, #5250 A2 @i L C/RREICIEIE L7 0.105mm XV /) &7 R & & T Rmig i,
0.074 3 £ 1Y 0.032mm Z A IEE S 7. Z Ok S v THEEHIRR Z L 10 F & THEEK
HCEAEULRE L. LD > TAIZED LRI AR OBE 2RO D Z L1/ 5.

() ki (LokD) HBE  ()OBIETHE L HERENT, MEE2RE LAV E I KT EEE
EEFKROT 7 VLA — A ZFHKE LT, ZOREFTOREY L LT, K18 HMEEL-. =
O TREOBECHERZMFHE L. Z0O%T 7 AR THREIORK Y & RiEE ) THRY £
ST KREELY

7 A TEA L.
ZLT7H40& <
. | x [y
] - internal-pore* —{_2
DT 7 ) v b— Single | Ve External pore Wae
=z L j:i;%?it** 7k particle g Ve (0:’76) Total external pore
. Outer-edge ) ¥ - W
PANEIN il =N YHI f soil grain®™ (] t Internal pore
Da IJ+ = Q=N ;}c{f {E\J orsoligrain v Vi Total internal pore ‘WW'
22l e Aty 3@ { J Soil 9
E L. ok, & extemal-pore 0. 0528 "y Total Single partiles 'WS I
*4’ % 7 7 U /1/ b— * ‘internal-pore’ is the pore space within soil particle

il arain’ * | volume of soil is 1
‘outer-edge of soil grain’ means glove surface for diameter D soil grain VOLUME | s WEIGHT
— 2 L: ﬁ i‘ﬁ L 7It **external-pore’ is the space out of soil grains in cubic which volume is 1 volume of soil grain is 0.524
=

***volume of external pore is 0.476

fﬁ {Z-133Pa T HE Sematic of Simple cube filling of soil grains Sematic of compress total soil particles,
— 3 of the same particle size total internal and external pore in left figure
KLI=HE 0% P P d

LA L 72w I-1. THOKELZEZROERXR (Suzuki & Matsuoka, 2020,
BADBELOD Suzuki(submitted)) schematics of soil packing model(L) and portion of soil(R)



WHEICIE, AEEDEO bILRPoTclooliclILenZ L2 L., BRI Suzuki &
Matsuoka (2020) ZHE-> TR 7=,

(3) TEAEMEORE —MA7R TR TEEIX 2.6g/em® 2ETHDHOITx L THEDIX
13gem’ FEETH Y, AEMEOZ/NITHRIEEICHET L ZLNEX NS, Z 2 TIEFEO
+HERFEREE C/N =2 —F— (JMI00CN/HCN/TOC/TN) CHlliE L7-.

4.23. fEREBE

423.1. FHOTRIEE KHORRT L OITRIEEEZ R LZKIT-2 (I2XnE, JAARSHO
KIS 5y 2 L O HRIBRE I35 O 0.375mm (=1.77 g/em®) &)1 0.375mm(=1.60 g/cm?)% [5
&, Lég/em’ LV /NSUVMENRE LN, ZAUTK U TRk LR D O BRI T 1.68
~2.46g/cm® NS BT, F 72 BEES 1T 3.63~3.71 glem?, EHHIVIL 2.78~2.84 g/em® L 7x o 72
MR LTZEY, TR TR T 2.6 gem? BRETH Y, TREEIIZ AR/
EZDHENTEX D, BRI EOMEIIARE O HRBEREED HROBRITERTH D L)
WEICER L7ZwKFHE TH D LB DD, RET, TR TEE 2.6 gom® OHAE BT E
ORI T 2.8g/em’ FRE A5 5. AEOMMAIIT TRIOTRIIHR T NEEETH 51T
7y, ERINZER RN NS O Lo HRBEE I ERFBENEA SN NETHDH. kD
(2020) 1%, BEE 1L.5Sm OEGEA Sm/s OB, HEEN 1.6 glem® DL T OERIE O WK 13 3% 1/ %2 £ 8)
LT WE#HE L 460

TW5D. T HADH 3.60 i %%zéi%g A e

=~ R

RIKIZELO 1 K 2o |

DHTHHHN, LR~

BEEOLEIZ X - g '

THRAKOKILK D% |

FEED ML B B e, N IR BB E

ARlZHA_TREZ K

ZIRT VeV 260 T -

7. 1.60 —

4232, RO 060 ROy S cd Ll ol
=, IR A Y 0.01 0.10 1.00 10.00 0.01 0.10 1.00 10.00 0.01 0.10 1.00 10.00

figiéig! 415 ()

o I-2. FDLHF & LHROKEREE relation between soil grain size
R D BIFRIC and its density N °

DN TIRRB ., K

R+ ORI HE LA, #iE, AL, SE i
ORI DT O HHRFRER L BREEORER 2
EMB3ICRLE. M3 ICRSND LY, kLKE 2
TR KRR 50 2 HHRBORE & HREEICE  w

I
Bz IR
SPEzIR R

Ppag =-0.0374r, +1588 |
R?=0.998

150 ————

R B OREARD S e—r, moEao 3w E o7 .
KTz, KIRETY, Almngntr o T woss A
HEEANS S, LVBEEL LTHEREEMBILYT o

W k 75§% E)Z)“@&)é 0.0 5.0 10.0 15.0

HAAEIL WD, ZEERKE <, AHRIESS SR e
norE P ’ i B3 LSRR L 4

UVKITIR T3 EE SV A AROFVE HHE LV BISMTE  (lation between volumetric carbon rate
<, TNRWEOCHKNTHL LiEwmIToNS. and soil grain density

43 7ok +HEIKSET IV

(€7 NI 1)

AW TR AR L 72 5 2 < W HRE O TR 7 VO3 1%, BRIk o
THYEE L L CHIR 2B 2451E L LCoth, $74bb 12 HiFm oK IREED Tl
ICET DI ENTE, ZHUS Ko TR Rz, B2 IRRAAY 0.1mm O HRIICBI LT, 225
B ERIRRE DG A TR L7 a £ 0 /NS R EE O R TE E o 5 Z L 2B bz Le.
Thoh, BRRTHAEL O D TROKSIKED FIRE % =5 gekie (BEz) &3 X, Th;
DOEEE, TREEREFO 1.6-1.7g/em’ 225 EFZD 1.1-1.2g/cm® O] TEE T 5 Z L 23 5 h»
(2l odz. SUE HET I oEEIR X< <, Ml R STz, R T L O RO IR
IEBROEANERIEENDICE 12 Z LITABEOHERICEETHETH D,



Reiji KIMURA and Masao MORIYAMA 7% 3
Determination by MODIS satellite-based methods of recent global trends in land surface aridity 2019
and degradation

Journal of Agricultural Meteorology 153-159

DOl
10.2480/agrmet.D-19-00003

5 1 1

Jun SUZUKI and Nobuhiro MATSUOKA

Determination of soil aggregate density

Proceedings of Agricultural Meteorology 2020

2020

2020

2020

2019




2021

2021

2020

2021

(IWATA HIROKI)

(10466659) (13601)
(KIMURA REIJI)

(80315457) (15101)
(MATSUOKA NOBUHIRO)

(80212215) (12501)







