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13



it

EEESES

) X
7 ()

L 2.1 FHAH XA E X

X2.2 FHAHIXK OB ERI (L ¥ ZAFEEORT)

HARDOHM OB TIIHBRNHIHE TR LZREREETIZ

K 23 7 AL AR PILOT =2 P Mo mEOKAICEELLRK
JRGHE & e KA T RIS Tl £ 29 £ [ (1978~2006 4) O ¥ H % K
DELbDOTHDL. FELERBEEIZONWTIET A X 20 RERE % @Y CTH
B L 72 B (M b 3m) L oEFRIC IV EHOREICHE L TV D.
INCED2EL1FEDOILHFEMITIPBEEDL3IHENPLGEANEBS 220, 34
2o AHPERBENPNRS EHETHWEALKRS ZERNbrd. TAXX
BLIAE CTIX 4~5 AICHRRBENFEAT 5 H O B\ X R E~ 765§ I8
HLTWD (K24). EEFA4ACLDLELIN ERICERL D,



11 r 7 100

10 } ®RGE DR SR ] 80
DA 3
£ o 60 e
b 140 g
= z
6 1 20
5 0
M@ I IR K ITKIKTIK KT DI
AN mFwo~o0oo8 dYy

2.3 H KB & FEERO A BISEEE (1978 ~20064F )
TABEARPT —5 L0

B N

2.4 4~5HT351F % R EGHIRE o R 149 A7 (1978~20074F )
T A AR T —H LY

2.3 JA & o BB

2.3.1 &AM O LM
FAEHBANTCHTARO $ B 100haX 720 1, ric b & 95 16
WS C, MEHmMPOLEIEScMmETOLEELZERL TRBR AT \WVWHRIE -
OMBEMEZHEE L. HEMKX O LT, & F KL EkOEERR KL Ok
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7.
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TVWHHER, FICFTEAEZOW T TCHLERE®Z OO REIL 20 -
TW2L2HELHL L, TEASPEHRRHEZZTLH5Z22I0L2b0
EEZEZbLND.
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0.0 1.0 2.0 3.0
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X225 H KRG & PR 4R

58~68 | 0.000
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28~38 | 0.000
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0 0.5 1 15
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42,26 i HHEOF KL &R R
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C72 0 dh D L x (AR KEE : 8m-s™h, &K : 28%) O F¥IR &
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cm2RLob oL, REBROIFEAEHHME L M THOH DT
HOVBMLVEBIZELTWAWL., LEN> TR X 2 H B EYD O
EHIEORMEETHOE, KEEN 0.1g-dem 2L LB AL E X T,
UTOmETEIT> T 5.

X 2.24 W25 E, REEMN 01g-dl-ecm2 EoF—% (O)ix, HE
KEGE2S 8m-st DL LT, »o&EAKEMN 28%LL FTO®MHIZ ML THY,
OB TONmMIT ARV R EEN 0.1g-dt-ecm LV (@) KDY B
(X)DF =21, i OB LD TNICHALTVDEIA, IFE AL,
AR OFHAIC ML TWVD. 2D b HEHIEONSR L D
Lo AT, ARKE®ET8m-s!, £ EBOE KL T 28% % BM1H
L, B KRESET8m- s 'L Lo R O E KL 280 T & X R
T B EZLND. APBK 2.24 TiX 0.1g-d -ecm?LL T oA+ 3 41T,
ZOoMICHAMRBERALEY ARy, 2208 oML,
Ak RKEERERE LEOGZKEPIEMICEL TWARWE S THHEAEL
TWa., ZOFRRKIZIE, #MREOAREOMEZR EDREAHREES, F
Frig7e 8, BIIMORELRENR DD EEZXOLND.

2.4.2 JREE LA - BHEKS OEK
REEEEMEHE L, ARREAE, FMEU Lo ROWKERR, Ki#
TEoOEKKEZBRAL S E L CEBIF DI ZIT o 72,
NI 2B A7 &% (AR KAE=Z8m-s1 T, HKKL=28%)
DTF—FEHWl., BERKR®E, WERH, SKEkoTF =%, 20F
FTCHRCBERLEZLVOEZMALK L LT WD, T TIX, SLIIAKIC
OWVWTIHFRAIRAEL L, TWHEN GO ETEMRAERICBIT D
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KRIEGHD 3 F, WAERFMD IR, RO~ A TR 2FEZHPALEK L L
elx, REEOHEMEEEMEI I LEN LA S (K 2.27) HMEFX
BELRTE., ZoLcoRERRBIFAZLTICRT.

Q = axU?® + bxT® + ¢cxXxW 2 + 0.15389 (2.1)

iz, Q: Mt & (g-dt-cm?

(Y
(Y

U: B KBE#HE (m-s?)

T: BEL EoRoRERM (h-dh)
W: RmEEOEKE (%)

a, b, c: f@EwfRE (F 2.3)

HEVFE oA TR & 72 5 % AR ME o A o ) W EETE 213 0 UEE R
ZLIK (Variance Inflation Factor, LA T VIF) & Wiz, —KAJIZ % EH I
MERNSI2HAEOVIFEIZ 10U ELEEShTEY, (2.0) X% HHE K
BT B VIFMEIE, UPT 14, TP T12, W T10THY, WTFhoE
H 10 LV /S ZEERMETRVE O &L Z.

8 T . "
| #2.3 HEEFXOGEEK
Vi
6 ; o
R2=0.796 1 0] s FR 2K o AR [B] I £ 2
4 O a 0.0003515 0.076

0.0077562 0.872

+HAE (g-d?t-cm?)

B

b
2 _____ v
_Q5f/ ° c 12.662082 0.035
0

0 2 4 6 8
FEHE (g-dl-cm2)

[X]2.27 SEHME & FHEEOBR
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b T, aFzokRTilIMi/has, clebiz/hawn. REFZFIZHKRD K
EREELLGRZL501F, ARREAFORET S TERIKRERHTH Y,
BORBITEMEAZBZ TLE > ZRETIEL, WERHS AR XKEEIZLED
WEBIIHEZ W ERRINTWVD

2.5 AERA LRGSO BEK

2.5.1 BEEXNHLVEEZORS

X 2.28 1%, 2005 4E D H M7 — % (No.1 + No.3 H#i j5) % B R %12 3fF ~ 7=
LbOTHDH., v —H—1%, FHRLEEN 0.1g-decm? L ETHoH
BT Mm E0-20-50cm O T — X7 ey FLELDOTHDH. No.l
A, No3 i by — X IR UEmEZRLTWD. #imE ocm 72
7 T72 < 20cm X 50cm THLAABNH oo DIX 4 A 20 H, 28~30H, 5
H4~5HO 6 HEThDH. ZTNHLORBRRAERZRD EHKRKKEED
m-s Pl kT, #H EEOEKEIZ 2% FTH 5. H i KR H8m-s?,
FmTHEOE K 28 E L CRENEAET HMEM BRI T
% .

FICEENHLVWDOIX 4 H 29-30 HTHY, ZOROH KKE®EI
11m-s?, 8m-s 'l E ok ERKKITZ 8 HMICKkA TWD. 5 H 20 HIiZH
Bt KEGE 13m-s™h, 8m-st UL E O AEREH A 7R A OB VE TH D.
GAKHIE 28%%E DT I EE > TV A, EHREE T 0.1g-dt-cm?
PHEZIDEBIIREL OV AW, R EITHE L oem TEHEBIE A TWBE TS
TTHVELDLT LT, BBHOBETHLHELZALDL LR LD TIER
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KRG L FmIEOEKEOMEZRIL, 22812 7T X oI, BAKREILE
MICHEICKIELTWS. 5 7~8 HD X 9 iC 10mm-d ' A O F T%
O F KT 50%E< I ERT 5. BRWIIATO T8 o g B IRE L2 &
ANE, EMRBOKSHHEELTIELTLL S EIEWVAR0R, £
mEEICBEAE 1I0mm-d RREORNTHFYE > TWHIRETH D & & X
bivd.

M 2.291%, WLVWAEBDOH-7- 4 A 29O KEAN Y ThHs. KK
JERH AT COEIZHY, MOEEORNKRS AERE LR > TWND.
FEMATHMIIEROILEHICH Y, B I TIEWAE LR TIER, B
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PRNTZHORERBEIZTAY COMICKRRIEND 25 E03K 70% T
bV, TOMTIEYITPARANy 7, ~naiw TR, JbifEE T TICEX

ERHLHETH 5.

2.5.2 R[EBT X M0 KRR A E

B 230X, 7 AX AR PO T — X %% LIl E 304FEMD 4~5 H 12
BPWTREBZEZ LELARBEOL LI AR LESEFERBICHELLELE D TH
. BERKBEEIZTT A X A0 H fKEEZBG B L7ZREE IR R
LICEVEBORFEICHREL TWD. JBAREER O E T T K
FleB W T TFREHENSIA B LB TAHRKEREN8m-s Ll Lo A % &
BRboHEEZDZ EITEVITH 2.

HEM R TIE, BE 30 FH OIS BLTRENFELEL TWHRWVDIX
1985+ 1995+ 1999+ 2002 fF D 4 » FEF DO K TH VYV, AEBIXIZEEBEAEL D
B Lwz b, EA%A R HITFEY T 227 B/, EHERFAE 153 8 /4
Thsn. THHRFEFW TIT—KOICHHRNF 10 F05 46 2 % HH
LT 5. 1/I0FMRICHEE T2 R ERERI KT, FRLEAHH%EIE
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— X%, BEHLEEBEOHBEEZT THEX, AKELXFEDREE
FoBmahicfl AT, X 230 CEHBEMBHICLZAEDDH -2 HEK
(MEnHimEmEocem 215 T2 < 20cecm-50cm THEM 7z B )
AL TCVW a2 B A EMER LM TH L.

¥ 2.31 1%, % 30FM D 4~5 HDO K H N EfH T KL 3 HELUKIC
UM LHRKREES 8m-s' U Lo HELERLELOTHD. 4 A
TRANLSH EWICHTTRENEZDRLT VW ERTND.

4 2.32 1%, W% 30FEM O 4~5 A TRENREELZAREMEND > 72 H
OEFFICB N, MHEN 8m-s 2B 2HE2 R LELOTHD. Zh
ICX DL BMICE®EN 8m-stEZBA D ENE L BIC 11~15 B M E
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HEKRKZIToREEDOEEBAKSEHO PR TE LY Ia2b—3v g UE
TARGNIT, WEBBOKXRERM - BERMTICELAIND Z 2L,
AR CORFT D AT & 72 5.

TGO TFRICETOIMAEDOLL X, #ALryr—Hlzb iz LNy
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T, BHROBAQREDO~ 7 o R T BNAEMAEL LEKTEMHICEHI R, 75

40



BITOIBAHORIAFIEZEZIHELINTELT, ZLORENK - T
Wb Easns .
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TiTol. WIFRbLHAMBEEZRNEN IS AI>IETLRRETE TS
fEMT R RO LEEIZ VT b 40em T, FFEICK T D L BEK S & IX 40cm
AL hBoVPHE T HE > TWDH. 2B E &I O REIC % E

REBRMICHFELLLKTEOMATICOWVWTIIKRDOFE 4 E TS .

3.1 t+EFITBITAIAKRKDOE X
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EARE L T2

41



HLFIBR 58 Ak t35)
PO B 8 (20K £450)

MERY 7R %
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L& wlige HFiRE
(EBEEH) (FEOK)

X]3.1 +HEKBEOMESX

KIFEILICRLEMERO LS ICEEOR 28 <. BRE, LR
mADHREL TEAKIT, HER EEO AV IALL WER A2 L7ARN
O, MMM LHEOMNA L TAVIALICS WERICHRAICBH L T,

O [R] BR T B T B B L& AL 2 Wit R K I HE R R K R HE R R K S
A, ZoE MR EBEOKE, BMHER LEAAMIETHE, 22
B R AR TREKLCHRRMAKICRZ O TIE RV, HER LI
BIWICADPHBEND LR EITE, MAMEK LESMFfI LA TYH
HFIRBAKRKSSH ERRH KRS EET D .

THEEmMILEENEL TS & &, KITHBIR EHE 2@ > T EHT
%[RRI O/ R B R D K IR BR B Ic k2 BB T 5. £ E
BRI bmEfimKkbEET D,

IR ) MR E®EAE 1k B8, MOmREER EEE 2 kbl
FEATWD (LR 1k b -2k EHERTT D). LHMEEL 1R LE
E2WEBEIZH T H0IF, RO LEAKSBESDEOXY V7 ETVICE

TL2EAXATTHD.
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— | A | HFE
v 1 L%
ﬁ@ ey Wz 220y B
Fl s, T 1 hHE R !
V7
v K53 R )
Sz 2 Wkt
W BB
2

Erfxsits T2 wFEd Q

X3.2 tT¥EOX 7 ETFTILK

3.2 LEMANDAEBOHE T T L

¥ 3.20%, M31IWCRLEEBEABHOMEZZ L LICERLEZY V7
ETNTHDL. KM - BREBALACBTHA2HAEXZIUTO®EY TH 5.

Qs=a1><(X1—H1) , f:f:LX1§H1®<Eé° Q3:0 (31)
Qg:aZX(Xl—Hg) ,foiLX]_éHg@(E% Qg:O (32)
T1:b><(X1/81—X2/82) (33)

To=cX(1—X1/S1) , 7277 L Qy>0D& & T,=0 (3.4)

E=E/E, X E, (3.5)
E/E,=1/{1+f Xexp(-gXS//Ep)} (3.6)
S, =X,/S; (3.7)

2T, Qs HiEWHHE (mm-hl), Q: H FEERE (mm-h?),
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Xi: 1 EEDKSE (mm), Hy: iR H L& (mm),

Hy: # Fi2E LS (mm), Xo: 2 &k ¥ kS E (mm),
To:1l~2 W EHBE KB E (mm-ht),

T,: Bl x#ifmAksE (mm-hl), E: ZEE (mm-hl),

Ep: ZR%AL (mm-ht), S, 1k EHOMFME (mm-mm™),

, (hY, a (hh, b (mm-hY), ¢c (mm-h')), f, gREFTLEKTH 5.

AEADS L (3.1), (3.2) 3ER P L2 —BHARZ LI ET LD
X Thsb. (33 FLEASBHOXTHY, KOSNBE-7- HENG
Wi tBICBE T 28R 2RI L TWVD. (3.4) TEEFHLICLD EW
XHmARKOXNTHD, 1IREEPREZ N TWVWDIFE EmEmiRkNE R
LB B ERLTWD. (3.3) & (3.4) RFEHE ™ RNEmo + %o
ERLIEWMINOWMHMBTICHWZEI AR V7 T VBT 5K b
Boxr s (LA HEEZ0OX 7)) OXTH D.

Xi/S1, Xol S, 1R+, 2RtEBoOoZTAETNLEME (Y B4
ZRT. S, S IFEMNAEET, #LEOMBELES (mm) TERRT 5.
KETNVITEREEAOcm 23584 L TW5DHN, S, Sz, fFAESBMR
BRCRODZEFHELWVWDO T, S;+Sz3DEZ 40 cm @ £ & E O i B &
(mm) IZHE LS b2 z25Me LT, ETAVEHDORERFICHEIZ
XOHEDTWND.

(3.5 X > E, BT, AETFLTEXr~rRICkvEIHELE.
KBEBELEBMEOL (E/E,; REREK) FHER B> TWVWD L X,
FELICR20, bO2BREGZENEDL /NS RY, ABMABEWITE
REBELOBOVRIIKREL 2L Y. ZoKEE2EEL T (3.6) XTIX
AEREP VAT 0 v 7 MBI bOLBEEL TS, (3.6) X%
HuwT, fafmE (S)& &M (Ep) b RODEZAEEKL (E/E) DHl %
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3.3 THEDEIFIEE(S,) LAFERLL (EEy) DIARRIBILR

X 3.3 2R 7.

ETNVERIL, LEAKSEOFREMENENMEICESS T, BREE
BEELZPLRAEZBVELTCERELL. REBIIBIT2ETLVEHED
BoOFE L, BMEREICHET S a, Hi LHTFRBICHET D a,, Hid Xk

D, TEMN ISR ET LB AKSELYE/BEICADLDEDL LN TE
L. bkmEsifaKICEAT S clc Ly, TENISEBELE L ZTOEK
EEEIHEICEDLEDL LN TED. 1~2 R EEMAKSBE &ICHT
2 T 0EZME T 2 L REMAREE EbICE LT I EEBKRKSELLHE L
MYVIZLEY, ABETIFTRVICTAHZENTES. ABEICHET S f, ¢
D fE Hid oL, Kl — HEARSEMBOM NV BE 2 EREOS A
OHIMRIZELEDLZENTE .

3.3 HAERMBICBITAET VD FEE

3.3.1 WAMSE O LM
ETNORER, FFRO-FEHRPL&R, “FTERA#MX, &



@ FlTET/LRFLOM A M SO E

a) + 4 TR T (B L )
b): R (E AR
¢) : FEARIRL/\ T (AT Hi)

VR A sl
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wmp (A ®
S ( mgl

X|3.4 % 7T )VERE O X4 M (A ) (& X

ARBRINF A X O 3# X O 5GIC>NTIT-7 (K¥3.4). Bl
UL, 52 FRILLOCERFRAALIICHKRT 2 KLHELEET, ZFHEMRAR
X EFHRBEN T HEET X IE, NFHAKLERFMHKLIZHEKT S
Kt L TH 5.

BMAMIGICRIT D LHEOMBRR L GZEBREE LR 3.1 KT #E 3.2
W A X 3.5 12T,

FB1EEX32ZzALL, BPLEmFEIZHT, ZRAHK & T H
KITMBRENRE L, BREE /DI V. BEHAHX & T XX, B
FIEBEICHERDEMMODPPLLBWWLEETH LS. 3.5 0 LEHKK
R D&, BRES 40cm £ ToO EME, By m 2 L, CL, X[ K H X
2L, BETHIX 2 L, SL Tod 0, SETH X%, Bols i & 2 ROR# X
FOHLHOMWLEETH 5.

4 3.6 1%, #HEBMBITH T D LEARSFEEBR TH L. KSR
HHBRICBITD2~bbY) vy 7 RT vy VL, BIM CHRBRLAZES 5-15-
2535 ecm ORBHIC EHEELROCELEZEMAL THEL TWDH. HEEK
SRR o L LT, B s L I K IR T WD s, B
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AR XKL, B Ef eIk _XT/hE R~ ) v 2 RT v

YNV CTHEBEKRKEREL LB, KiZTolnwtELE W2 5.

#3.1 FHEEIGICET 2 BEOMBE

(BT @ %)

HiFkpe 8 — 0T b — A o) NFT

ows  (BmolEa)  (AEAHX) (fige |7 1 X))

5 cm 68.07 71.20 73.94

15 cm 58.21 66.90 70.15

25 cm 61.21 67.10 67.32

35 cm 60.78 70.50 73.99

S 1 62.07 68.93 71.35

3.2 HBPHEMEEICR T D HE O R R

(Wifir : Mg-m )

HFA s &) —FHT by — =i ©) M\
DS (BmrpligE)  (ARAHIX) (fige BT H#h1 X))
5cm 0.77 0.78 0.63
15 cm 1.00 0.89 0.66
25 cm 0.95 0.84 0.78
35 cm 0.95 0.76 0.67
ST 0.92 0.82 0.69
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ETFTNVRIEDO LD ORE L, HERBS OHREN, HFORHX & T
K IR ORIE T, B/ ff e ZEmrsfmfkishTnd 250
W TIT>TW5S.

B 3.10~3. 13 ICET NVIC LD LHEAKSOEIHRMOFHREERE T .
EREEAKERIL, 1IREEE 2R TEOFHFEELZAMAERE CMNEFES L
LD e, FRPOFEHEMBMEARKELZLKL TWD. £FEORFMA AL
1ML, FEEITIENECEDLDE TCHEHETE LD TS,
X 3.10 (TR AP L EmEO MM, X 311 IFR P LA O K EM, X 3.12 1%
HMARHX (#H), X 3.13 ZfirH X (i) BT 2FEFRTH
. WTNLHAEMEEIENEICLISEGo TS, EFEMBICB T 5 E

TIVER A R 341237,
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g JUF THEHT BRHs 20034 T e s
% 0 E & 7K =R SEHIiE
Y4
4‘;1:[ 50 i
& 60 I
& g
45
80
40 100
DO BT B~ RN = RS~ =R
D Y N VY N = B R A
XI3.13 % > 7 ET /I X B 3K DR RS R
A c), J\J7 i BT X (£ 4h)
3.4 HREBBGICB T DX 72T VOER
WAEMY Mz LEE IR RE 250 b R it HA AL =% 1L KASBE b
N S, S, f 9 H, a,; H, a, b fak €
em) (mm) (mm) (=) (=) mm)  @hH @M Y mmh ) mmhh
(0.18)
a) R HE 40 44.69 20358 6.00 150 380 0.3000 360 0.200 0.015  0.100
(0.18)
n Heeih 40 44.69 20358 6.00 150 380 0.0205 360 0.030 0.010 0.150
(0.12)
b) R HE 40 33.09 24263 500 4.00 290 0.0100 250 0.010 0.010 0.010
(0.12)
c) A Hb 40 34.25 25115 2.00 150 180 0.4000 150 0.090 0.015  0.010

w)a) - FETR &R, DI AR E AR, ©) 13\ F i HT H X
Ik E8Mo( ) XK EEOE L SHS,HS,) ThH 5.

3.3.3 £REyYr—RIIBTAHETILOHB M
RKETNVOFHEIZLD EEASDEL RN EE K OZEBRWIZO W T,
SHEE S EREORERIMREE, HIHXEED YIS REA £ 351077 .
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RZIZBE A LR O T 0.65 &0/ S WETH DA, L by &
WEAZ R L TWSD., RE TIEWThoFfEBEG S LWERXRTRIABY,
FHEBSG CEBUORBEURMBECETADRRAEIATVSL D LEE
b d.

F3361L, XMABB LT L2ARERE, HREHLE, HTRERE, L
mEMGKEOHAMELFENMPTO R EFHMEICHEIELTRLEDL D
ThDH. B LEEOMM - BEmE TS, BEREE EmEMB
KEBTHEHMO PRIV SENRET VWD, 2L TIE, ik
B CHE O EWIT R S 2w H ORI K& O BT X, B & e
KEPNBRPINEE LY S IH/DNSWEIZR > TWD . 2T E MK H
XK OVECHT X%, HEORMBREAR P IR LKL T REL, £
BORHEBNDRWZ EhERHEHBHELTEZLND.

#£35 XU ETIC KD EEKSEFEOEBM

A Yy MiFR O RERE RS

By N2 R?2 RE
a) W 065 0.02
’ WeEt 075 0.02
b) @i 088 0.03
c) w093 0.01

) @) X AR R EE, D)X T A mE R AKX,
€) 13\ 7 T i T Hh X
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#3.6 HWMEMBICB TS Z 72T ARBEHETOKINE CEHE)

AAME ko AREA O KRR KEEH HMERRH HTRE L

IR hE E E E/E, Qs Qq T,
(mm.d?) (mm.d?) (—) (mm.dH  mm.dH  (mm.d?h

a) #a 361 317 0.88 0.60 114 1.02

I P 3.61 3.30 0.91 0.60 1.14 125

b) w315 2.79 0.89 0.27 0.46 0.14

c) w315 171 0.54 0.08 0.18 0.21

) &) (E— AT R &R, D) X T AR H AR, €) (3T T T M X

3.4 £
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BT HEAKKRLOMERELZRET IO LEO Ky BEET 2 FE
TLOHERDDL., LIrL, IZEHEREELET LI LD, FEMET
THET 27— 2 E20NEE L. & 512 EEOEM TS EFE
FLHFTCoBHURELNEroME L. —FH, ¥YIa2ab—va v
kb FELEZLNLDN, TEARKSOTRIICETLIMEO L IX, VU
Fx¥ AR K D2EMEMT N OERMERD D HFiENRELATWD. L
ML RNDEEOME T, TEARKFTAASRAR IO~ 7 v KT I L
S THMEIZEIS D, TOHETEE KO T ZERICKRIT L2 &I
HLWweEIhd., ZOoDHEMERARTEE LT, BAE, KR, &

EREDKIZT 4 EEFEOLBEBAAHEESETOX 7T V& v
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fPiEixpkE <, TaidkiasrbeEhdEE, TAENMLTKGBHAD
THLED 2 OBIRBIMAET D ERE L. 20054 4~7 A OK G - LHK
SOERMNT —2 %2 b EICETAVEREL, ZOFT V% 2007 4 4~5 A
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FLTMEST S .
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E, KRB ENZ 0.

S HEE O BE T A N2 T 5 L&, A& B Ik K O B VLIS o v THEEE
AIZbFEMII I T, BRElERKIZOWTIT g B F3E
FREI R T AR () Y <k, 1B oK &I 10mm 2,
PHEMEAE 1~2 HTHKRTLRTRE RS2 WD THAHKEIL 5~
1omm-dtEENTVWDEIOATHY, BEMARITTZ24T 5 0lc+ 4 Tidie
A

MEREASH ecm A —F — 0@\ LEIEIZEB T 5K O EER N E T
L FPHTCEL2ET ARG, BB IEEHKOBREFHIZHENY TH L
L. EEAOHNDOETAICH T > TiE, KOoB & 2 %L v — Al
IRBIMEEZEZDHFIENFEL L TERONATE L, L2 LEEREOBELITE
EREEBEIIRL T, BHASCKRA L EDO~Y 7 a R T BNHFEEL LEAKITHE
MicEh <., o, TEEZX LI EMATX 58k E, BELD
LY =N TE ARVWERIICS T, EF T 5 ik 2 R
ELbRAOLNTETHD. LML DLETNVICBIT A BHED KB IE
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MM SN TELT, ZL<ORERE->-TWWELEENS .

N0 ENL, KR TEHAANVV—AZEHALEZRER»PDL DT
T7a—FTERL, TEOKNIZETVE MW THMEmDO LHEKS EZ T
W2 HECHOWNWTHRELTZ.

KIZETNVIZE D LR MHOEFICIE, RmpmE T2 HME
LAYy 7T AL DEHASBEOHER S LM 2, ZhixthFm
MOLEEBHECOLEEZYR L LT, MMREMTO LHEZ 45 &
LEbDOTIEARWL., E2Hiry s 20020 SRR E Ry YT
JU (BBH) 28 29, 800, 3. 32 g 1z 1 % L BEK 4y O fRAT BN B B .

AT ETVIE, BEICBTL2ANLOMFTAZENELELDTH
D, TEAKSPOFHAEZTITOAL TV THERAME L OLBEAIRESNL TR
WY, B o LB TH~O@EHAEICOWVWTEARHRE AR 5.

JERfMFEANATFYETVITEGO TEKSOBTZ2HRE LD TH
D EHEARKSZISHFIEHTEL., LArLA2RL, AEEORELVEEL
Mk 213, HEHMS 20~60cm O LEERNFEHOHME L SN TEY
WOR AR P ORFICLEARMER (FHEEN L cm) (B 5 1
KOBHIZITZEEH T 252 & B TE R,

zofoEFALELTHER Y otBAkoHETOL LI ET
MR D, ZOFETNEMIINEEMBTFOZOICHEESIAZLDOTHY +
K O TIE AR, HEAKPH ORI, B & E %I 8
STWKHEMARBEINDL L, BLEDO LBEKO#) X IZHA L -MEN
fFFmzenhTnwsd., 2O ENbLARMETIE, BEROLEKSHEED
O ETAMEBEICLTHMERmO LEAKSTFTHAZBEMNE L TE
T O R GE &R T

ETFAOBREFIE, HFRIAE (ZFE— 7)) IS0 E 3 2 8 LR R
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DM (5 2FEKOH 3D No.l Him & UMY 2FFIHMXE L TIT
ol FAHX TIEFIFE, 4~5 HOBWEFEHEIC LV AN EZ 5. [FH
X8 ITaEF R EOCERFRKLICHKRT D WM H8ET, LT
KO 65cm £ T LLYCL, 65~100cm X SLTHDH. T /T
DEF 24T 9 T2 O LKy &%F 0 B MBI 2 17 - 72 B &% 1304 (12
FANFE S, ISR L CBEM S, S AR %o SR
BToH 5.

4.2 RuEtEOX 7 ET I

4.2.1 EBEADOKSBH
TENOKGESHEET AV T D5 GOSN S LT, HEAEEIX
KEHTICEBWTRBETH 2N, O FTIXEETCIERSKAL LR D -
B (1w tE) &, KEALDOLEEZNMLTAKRIBHAL T2 18 (2 k1
) O 2OoNBRET LD EREL L.
KIFE41IZRLEBMERO LY IcEEoh 28 <. BRF, Xmb
WHrORELTEEKIT,IREEDOAVIARS WERERHZ LN D,
2 W EBOMMNL TADRABIZS WERIZRAIZBEH L TV, 2 kI
TR E) L X AU 0l K I R R K O H 3R R K I 7 B
KB TENPOARBEPALCL TV EE, KT 1K EEELZBE>TEAT L.
FIRFIC 2R O KIZT IR HEMICHRAITBEH T 5. FEBEHRIC
LD bEmEmfaRbBEAETD.
TEEEAL LR BEE 2R EEICHT 200, BIR O LEKSEE D
EOXACIETANCBTDEEZFTHLD Y. ARREELE O v
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4.2.2 R U ET I
X 4.2, M41lcrmxLizLtBEEARBHOMEEZ L EICERLEZY 7
TTFNLTHDH. FHHL - BEALACBT2HAERXKIZIUToEY THh 5.

Os=aX(X1—H1) , =21 LX1=H, D& X 0,=0 (4.1)
Q;s=a: X(X2—Hy) , 7272 L Xo=H, D& & Q,=0 (4.2)
Ty =bX(X1/S8S1—X2/82) (4.3)
To=cX(X2/S,—X3/83) (4.4)

Ts=dX(1—X2/82) , 7277 L 0,>0 D& % T3=0  (4.5)

E=E/E, X E, (4.6)
E/E,=11{1+f Xexp (-gXS,/E,)} (4.7)
Sr:(Xl/S1+X2/S2)/2 (48)

ZZT, QO MiEFEHE (mm-ht),

X, Rl EEOKSE (mm), Hy: HRBHAL (mm),

O, : M FEFE®R (mm-h!), Xp: 1 K ELHEOKSE (mm), H: #I TR
ZAE (mm), Xs: 2R EEOKSE (mm),

Ti: RE~1 R EEHBAKSBEHE (mm-ht),

Tp:1~2 W LMKy B&HE (mm-ht),

Ty: B xaifAKE (mm-hl), E: Z%EE (mm-h?),

E,: &%/ (mm-h?),

S,: #m LWL 1k LBV MAME (mm-mm™),

ap (K'Y, a, (K'Y, b (mm-hY), ¢ (mm-h"), d (mm-hY), f, glTET
WEBTH D .

FHEAO B (41), (42) BER? L5 MR Y Y7 ETLO
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A Tho. (43), (44) TLEARKSBHOXNTHY, Kuy»iE o 7= 1
MO W TEIIBB T AL ERIL TS, (45) FEEBLRICL
L EmEMimAROXNTHY, LIREENRGZWTWDIFELE L& HAifa KR
L DB EERL TS, (4.3) ~ (45) RFEF ™ BNk o + 1
DR ZZE L WO HEITICHWEESA4BEY > 7 5T V2B T
LD By (EBAkKGHBESTDOZ 7)) OXNTHD.

X1/ 81, X2/ Sz, Xo/ S3ld, il HH, 1REE, 2RkRtEEOZTATH
fafnE (B EE) 287, S, S, S; IMAMAET, £ LEOMKE
HmITRRLELOTHDL., ZNEFNOMEIT 13.61 mm , 29.95 mm ,
201.6 mm TH 5.

RKETFTVIELBEE 4A0cm 2% L, 20N, £k LT HER» S
2cm & LTWD. S1OfEIF, HEREN»D O S 5em @ + 5 o 5 )
BRSO TWD., R 4L ICHERNPDOOHESHE (5- 15+ 25+ 35¢cm) (2 H
E L Lo M RERT.

Sy, SsZRDDIZHICIE, EEE40cm 255 1Rk EHELE 2 Kk 8
ODER (BHETET cmm) WEALBELRD. FHESLHMAR TR
DLV DOT, S, SIEETAUEKRESHICRECL Y IO T

2.

#4.1 HEOWEWE (—FRTERALER)

JESSS mlihes VIR ORI
(cm) (%) (Mg-m™3) (Mg-m™3)

5 68.07 0.77 240

15 58.21 1.00 2.39

25 61.21 0.95 244

35 60.78 0.95 2.41
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F42 HrrE®TNOEL (AR LER)

T IVERK
HFiEH O, (mm-h F41:8.500 mm, a,:0.400 h™*
HIFEE Q, (Mm-h™) F,:21.000 mm, a,:0.050 h*
KRHFE) Ty, (mMm-h) 5:0.850 mm-h? | ~:0.009 mm.h*
L X s 75 (Mm-h) d:0.085 mm-h™*
IR FIE, f :6.000, g:1.500

(4.6) XD E, 3R EMNT, AETFT L TENr~rRICEVFHELE.
KEEEARBMOL (E/E,; ZFENL) THERX 5B TS L&,
FIFE LI 2N, bOREGZENED /NS RY, EBEMNEGWIZE
AREBILOBWAVRIIRNELS D . ZoKEL2EEL T (4.7) XTI
AREEBEDPI VAT 4 v 7MW BDOEREL TND.

EFETNVERL, LA EOFHFEENEZENMEICESS ET, BREZ
BEELRNLRRBEAMBVRLTCHERELL. TETVEHROMEE L 4.2 127

ER

4.3 FFRERLETVOHFERME

20064 4 H 19 6 7 H 31 HEToOM, Bl o @ CTKIR, i
e, B, W&, hEKSE 2B L. HEEIKSOERMEIZ DWW TIE,
FmEEEIMERmNLOA 2cm OB AL EIEIC XY B KEE A K
W, REBELZFRL TEHEBESAKRIZBHRAELTWS., DT 4B (B 5-
15-25-35¢cm) IZ@FELET v+ A —%— (K43) LV~ MU v

JART U EBEL, LEAKGREMEHRBR (F3FE, X 3.6) »HK
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Awni. 7K 22 33 - 7= B+ o 0.05, % EHi: 066 & L7,
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4.3.1 LKL OEEBINKN
THEAKSOFHEMEE FRUEOLK AN 4.4 KO 4.5 27T . FHHA
EERMEEKRTAEA, Rl TEICOWTIERFICHERX RS, K@
TEOTOEEIZOWTIE, 1R EHELE 2R EEOENKLZ B H# o @35 T

BETAH2Z LML, 2o, 1kEELE 2%k 8035 MHE%2 (M0
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RKETNIZEIZ2MITOABMTHL2EmM EEICEB T2 LEEAKSELDOZ
oD LEAKZOEEBHRBIZONT, FFEMEITEMMBEIZLIS G TND.
FLL12REBICZOVWTHFHAMEE ENHEILIS G T WD GHMEEE
HWAE O AR ZE DY) RE X &R m %A 014 T, 1-2 %k L8 iX 0.02 ,
WERE RP T FE EHEN 079 T, 1-2 %k EHEIT 057 TH S

Bla6ic_y v AN THELEARBMEETLVOHENLHE L LK

R, LmEfifmKE, # TREKE, HERHKEZ T,

4.3.2 7ZE¥BELE EmEMifAKE

(1) ZRFAL & K% &

Bl 46l LIt AR TIE, AFEAMIT4H27TH~5H 4 H0OMTH
Cm <o TWVWDE A, RERIT/DS W, LHEIEGERT D &R ENIH
SINDHIBEEPKRILINTND. BEHIMAE L CABAMN, ABEITEH
AL L TV AR, B oL E T AN 3.61mm-dl, K3 &N 2.98
mm-d' THV, FHOARBEELIT 083 L2725, b E TIZEARKEITAS

~ 8
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VR URRMOB ELF 0.6~08 LN TS P, FHECTKRkDEEY
DRFEEL 08IIFZTOHMHICEWEE > TEBY, ETVIZBIT DX
T URRBMNPOAREEERDDIHEL, BBz YThrELLN
% .

(2) k1 & ff AE K &

X 46 - LE-dREMBRTE, EmEHihKkET4H FA~5H B4
mE, TEIRERELTHWLIRFHICREIRoTWS. 6 A TH~7 H Lk
W72 E, B ZWEH, M FREK - HERWHAKIFEAEL TV DHEHIC
X, EMEMBEAKEZ NS00I TWVWAS., LEOEIRE T EA XM
EAKENEBET 2 FRRINLTND.

M 471F, EFAEHNT, L8 (XK@ 1R-2KEEOET) v
FilkpeN o, WMEWN - MPEKTCESHREBT 5FE TOMIZHE T D Lm &
WMAKEZFHE TR, HEHLEZLOZHARELBEEM T CRLED
DTHd. TETNVICLDEHEIT, BA¥ELSHM —EE L, 1-2-3-

4+-5-6mmditd 6 oD —RATIT-TWA.
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B 4.7 12k b R A TRRERK (M) Y icmrah
ErmEMBEAKEOT X 2L L TVD. MEETIE, AEETIEAR
SARBEHEL LRNEMHBEKOBEEBEEZRLTWDA, fFELzoik, #Hi
W OV WM - EEMoOT -2 ThHY, MATITIEAREHE
FAREEALZLCEHELTVS.

APE R EER R L TWD T — ik, HHEERN 40cm T, +£MIE CL,
LThy, TETNVERULESGETH D, FHEEMERIL, FHERG A
BILIEE - THMOT 2L LA ->TEBY, KETFTLITLD L&
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I HE K C i A % 3 F [ T W P IRF D T K

(8 F [T FE=100% 75 ip=90%
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e kB 1.09 0.74 0.54 0.71 0.83
K& — 0.96 1.84 1.20 0.84
FEIE 2.78 3.12 3.26 3.21 3.15
37 0.00 0.01 0.06 0.02 0.01
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FEK AL - 7 15 20 [ 7 [a] 18 [
1[5 4 VFEK B — 8.20 mm/[H] 5.5 mm/[g] 10.3 mm/[a] 2.8 mm/[a]

FEKEBIETE =228 THEITR DWW, ZHACEITTY =2 11F
20, ¥ — A 3T 18EIDHEKLLV T —22DK 3K DREK %
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BENPRKEL, EEAKOHFELLTELHTWWLI ERN NS, 1HO
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IFDOEKRKEIZDOWTIE, F— A LITEHTE55mm/BEITH 5. #EKE
OFLFH A 2.2~10.7Tmm/E LT L ODENRKREVORHEHRTH L. I — R 2

92
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He6wE WMEIEMICBITLIEENIEHAKEDOHE

5 ETIE, B hmEo 2005 FEFEH L LT, REHLEOLZDO
B R EORTTIE L, BRI EIC R B2 B E L L & o KRR K& O
MR A E~OEEBICHETIBMFABRICOVWTHE R,

AKETIE, B4R LBERKSHEEET L Z M, B LEEz2 xR L
LTiTocilE 30 FMICB T2 RABHIENKEOCREEMR L, FEI
BT OHEKESCHEARKBHEZ S LT THKELORFBRIZONT
kR B

MER R OME L LT, #WE 30 4 Mo R &Ik K E O R ER RN
5, 30 F [ O % fE T, B &R IE o EEKE T 65.75mm, #E K
[F %% 6.2, —BI M 720 OFEKEILL10.6lmm TH D Z L Eonhoi.
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6.1.1 MAKEOFREIGIE

£ 30 EMOB AR IEAKEOREEICIE, £ 4ETRLEZE R UG
JR D LHEKRSHEEETT VA AW RE X 1978~2007 4 @ 30 2D W
T, BB IEZLELSTLZ4H1A255H31LHETO 61HBICZON
TAiT» 7=
VEKTGTET, ROEKETOREMBEZ € LT 5HBERTR,
5% (5.3.2) TRLETEAKGVP AR LEBETH#EKTLZ S —220
FHik L L.
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(FKHETIX 28%) (HIEIC TR > RET, 1LREIOEKEIL, ORI
BRRAKAREREZAET (MEHRH - M TRENELCDEMET) &
U, #EE SR B (X e K 15mm-h™t, BEK & bh > D W %13 4 | P AT 8 B L L
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6.1.2 FrEBBETORET —#
ETNICLDREAEIEAAKEODHEEICIE, BT —% & L TWE, &
W, KR, MR E, AREMALELRD.

2005~2007 1%, W&, JBEH, SR, H®EIC DV TIETESE O FEH
e Lz, —HERMEIRZNERD LN, E, E#E, [IEIZOW T
WG T AL 2R Y oEF D HEE L, MR, M
MG RIREoBFEXNProHEE Lc. BREEREIZ, 7 A2 & 2Bl
T EMHEHL.

1978~2004 FiIZ > W T, W=, EA®EH, [IWICHOWTITHEEG & T A X
2B B oA S HEE L, MAEEIE, B L EM K%
BEOEBANLHE L. BREMIZ, 72X ARG LT —% ¥ %
fEHA L=,

1978~2007 £ D 30 FMIC BT HKRRLT — ¥ %, 4 H 1 H~5H 31 H
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6.1 WMEIEMICHEIT HFHEBEOKRSR
(1978~20074, — = HTE A1 L5 JFNo.1)

G & @4-54) KU FH o 1 JEGH A HRREH]
(mm) (C) (%) (m-s™) (h-d™")

1978 834 8.8 66.3 35 6.8

1979 1174 7.3 69.3 2.8 6.3

1980 155.0 8.5 65.3 3.1 6.9
_____ 1981 1137 78 T T T T Tear T T T29 T T T T Ter T TTTT

1982 212.7 9.1 66.8 2.9 6.8

1983 108.2 10.6 64.6 3.9 7.1

1984 133.9 6.9 69.1 2.9 6.5

1985 100.9 9.5 68.1 3.3 6.3
_____ 1986 1192 87 69 38 61

1987 88.9 8.7 62.5 3.4 6.2

1988 144.9 8.4 64.4 3.3 4.8

1989 162.3 8.9 65.0 34 5.0

1990 197.2 9.4 65.5 3.2 5.3
_____ 1991 990 96 07 31 &1

1992 197.2 8.1 67.3 3.2 4.4

1993 1155 7.6 63.1 3.4 4.6

1994 132.0 9.4 60.7 3.6 6.3

1995 185.2 9.2 67.3 3.6 4.5
_____ 1996 1210 12 17 34 41

1997 146.7 8.6 68.6 3.3 4.6

1998 97.2 11.1 67.2 3.3 5.6

1999 1715 9.4 63.1 3.2 6.2

2000 220.1 9.3 70.5 3.4 4.8
_____ 2001 1055 100 627 34 &1 7

2002 119.2 9.6 65.5 3.0 5.8

2003 87.1 9.9 65.6 3.3 5.8

2004 179.1 9.4 64.3 35 5.3

2005 93.2 8.3 60.1 35 5.6
_____ 2006 1584 82 643 33 46

2007 178.9 8.0 70.8 3.0 4.6

S ¥ fE 138.2 8.9 65.6 3.3 5.7

&% K fE 220.1 111 70.8 3.9 7.1

% /N B 83.4 6.9 60.1 2.8 4.4

FEYER 72 40.1 1.0 2.8 0.3 09

W) M&EI4~5H OAFHE, ZOMIZ4~5DOFEHETH S.

1978~20044F1%, 2005~20074E SRl & 7 A & A B L (G e i B V3 il
MRS E) T—4% L obRXNLRDIZE. 2005~20074E CTF —Z 3T
WHIZOWT YRR I > T 5.
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EHaHWE., LtEEASHEET LV TELNDIOFIERBEEKETH 20N E
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HICX LTHETEH S 0~50cm oWrmazs@d@m T o207 T v 7 AT
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FEOT =TIV FEMITIEMEICLISE-TWVD. REBFEAEL
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cm?, % 2 1% 1993 4 o 13.50g-cm’?, 4 3 fif (X 2005 £ » 11.32g-cm
Td 5.
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DA EIT 2.75mm-dt T, HAKEIT LG AELVASL, EKELTD
ZETARRBEIIHEML WS, BEOEYME (K 6.4) % W THHEMIE
AL ThHsD., ELHEKEZITI>IZ LTI, BRBEFISFE TCARBAMIZETND
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B HRACH T TER STV DM A B AL T D MR
DFFHE T, 4~5 BT 2B HEEKEIT 3mMm-d" 23 EMEE T 585
N, — R LW OS5 A O T xS 40em B o LI BT D
PR R K EERD D L, 30 FHCEYOERERE 3.12mm-dt b EE X
WA KE 0.69mm-dt &2 L3l & 2.43mm-dt L 2%, AEICEE L T 30
RO e KA 2.75 mm-d™, Fe/hMEE 2.12mm-dt 2R DL SR B I
MEBMOL AT/ I D, BBDRAETEWEIZR > TWD.

6.3 £ &®

HBAETR L LEARSHEEET AL EZ T, BRPLER L5 e LT
Wk 30 FHMICBTIEABRMIERAKEODHEZITV, HEINLZEFED
HEARKESHE KB K Z S EICEEIEOAKELIZOWW TR EZIT- 2.

ZORER, 30 FMOEEE L LT, FHOMREEKEIL 65.75mm, K
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109



FENPD RS EEPNZVWTWVWEETH-TH, LT LRV ERZAE
CTFETHDL LTRSS,

110



w3

BTE i

AL, BEZH LT 272D 0 MMERFIEOHRLEAENE T 5D
DTHDH. AFETIE, AEBBRICBT 2HMBN» L RENEET D
EEDORKE  FEAKSEREDOFMEEZH O NITL, WKIZ KD EBKS
BEOEMNTHTEZ2ETVEHA VT Y Iab—varyaity, AEL
D7D O M TE, AKELICOWVW TR ZIT- 2.

BEtix, AFREPILEROKILIKME LEWAZFEH L L TITo2bD
THV, TOMBPIFTUTOLEED THD.

(1) AEoEREHLEOLZD, & FRE PSR T 2006~2007 F 0 4
~5 AR L L TREOBMBINZIT 7. 20K R, H & KEE 8m
st (LLb), ZEmtHoEKK 28% (ULTF) 2MMEE LCEANKEZ D
TR ol. HERRKBELDIGEKEPIEELZzBEA - EEDOT — 4 %
MAWwizE Bl R oA (BEEREE D) »oid, REBEICHKRD K& R E
FHEZDOFEMEU EoROWRERH, ZO®RNSHRERKEET, &KLHK
TEEZEZE A TLEY &, TOEZEITAM2FICHIT/HhINI EBRE
.

(2) ¥BMBH»S, TEEEOEKELIT, BRTEI<E- IR
D, BRUDRIHRBICEIBEMEOZKIETH D 28%E TR I LI L
My mode., ZNEb LT A AR P LICE T 5i#E 30 7 (1978
~2007 ) ORET —F b, EHigt KM &£ oMo R#ELZH~, @
EOREBHEAERNEAWHE L. ZOKE, REBEFXZIEEFEEZHIBRT
HY, s AFANMNL A EAICEZDV SN E, FTL1HOIHLTHL
WEENET 20T 11 K26 4% 3T, § - 4 - KRIZITEZ

111



DIZ< WZ ERRINT.

(3) BRICEX2MINEHMBAT O LEASEESE X 7 ET LV &
b LT LT, — FHT B L R X o B B 2 kBT 2005 F 0T — F T
K LEOKSEZTHMT 2 HEAKNZET VOREEZIT > 7 (Tt
Lo THE 40cm, =0 O bREIEE 2cm, TE LEE 38cm). =5
ZZOEFET NV EHWT 2007 £ LEKRSEEAHE L. LEKSEL
Z OZZEEIRPLIL, 2005 4, 2007 F L bICHERE EEL O FEO LET
HEMEIZTEMMEIZ LS E -T2,

REBIZOWVWTHBNT — 2R 20720 EL KT DI LET
ERVR, BFEICLA2ABKBELOEHMEIZT BB LE ENLHEITITIEA
LTWie., $RICBT L LEESO LEAKBE X, BHre LT b
Vo 72 RT oy ) VOFEAMEICH ED<SHAKAELICHE > T, 2D
DZEME, KET AT HEEKOB T IZIZIFEALIHGHTETND D
DEEZLN, BFEMEOLIWLEKSEDO THMET LV EHBET L2 L0
TE .

AKETFVIE—FAIEPLEFERXOBEOMIC, —FHERAH#KO
B35 THLETAOREZAT >, B hEE# X &/ L XD I mBM%®
DENVWETNVERHD LN TE L.

(4) B EIEBKICL2MEFmICB T 2 LHEASEDOLEH &2, #E
ENTZETATTHMT DI EICED, BAER LD O O i 7z ¥ )7 X
COWVWTHRMLE. TOMRE, tHOFRAEEZEZEL T EOMWK A XK
T DK GETHARRR, FEDRLR OB THESRHY, LA
—EUVRNVETHBELELEZICHMAKEHED DI FRAENTHD Z LB
Mmole., ZTOFBEZOWTIE, BEHEXAERLZ +0MERT 22 L BAT#E
ERDD, MAKDPBEADOEBELZ T LI LEBELIZEEGTHLEMN TR

112



ThHrZ NI,

FEBEHEOBMICEREBIEZEBMNLZSAIE, FI1X2 8RO KS A
fex B E T 2MAGHEBOAOFE Tho7/ & X0 b, T 25 KIKE
BEROH#EBEREAEBEICOVWTRNZITo72. RIE, 77 2KV RE
EAOREBERNRELREL, KREU EIZT7 7 — AR RO/ KR L NE
KRBDONA T T A Ok BREOHMIIEEL, 7T 2y 71285
JEEB O Rm A WU ICHET 22 L2, FTHRE LEETH D Z
Lo T

(5) LK EOTHMET VEZM Y, B lEiazxdR e L TCilE
30 4~ (1978~2007 %) D 4~5 A Z x4 & LT, REBHIEHKD
2l —YarEITV, 1 V- X ICBIOREKRKEEEKBIE, 1 HO
HEKRERE, EHMZR2MKETIZOWTHRR 21T o 72,

ZORER, 30 FMOFEEHE L LT, FHOBEEKEIL 65.75mm, K
[F%%01% 6.2 [A1, 1A o K &1 10.61mm/[H, 7K % &% 3.12mm-d', LA

XM AKEIXZ0.69MmM-dITHDL LR RIS NT.

113



51 3C

1) HEYHE Y SMHm (2002) @ Fm DEDHEHGESFHR, BEE, p.l117.

2) AT HAE 7 (1959) : AL 7 o LEEFR A>T, TEO WM, 1, pp.27-32.

3) L MM (1985) : ‘HF OB RKE, REAHIRI I ES, p.136.

4) WA KW (2008) : @i o FEE LT OxK, H45 ERE, pp.2-3,
pp.81-91.

5) B HKE, RRMER, LB ¥, FMi#E F (1958) : AEOERE, REX
%, 14(3), pp.101-104.

6) EAMKEAMENER (1987) : Lk B HEEFH W IES [PFRMEZx ), B
¥t AR¥ %, pp.29-87.

7) BB oHEME, B e, A FF (1954) ¢ EARPIIEIC B T 2 A58 (1)
—tTHESKEEBEBMRMER®E -, BEXS, 10(1-2), pp.57-60.

8) W N yRE, JIHAE — A& (1987) : B KR4, | E %, 196, pp.422-424.

9) BARERLESMR (1954) : KEWBRRER S H M, FEHE, pp.61-78.

10) EARNK— (1991) : mEKIRKEF & XK, FEE, pp.217-227.

11) AR PE A M & I R (1997) : tHi e R 3£ Gl sk G AR ET R ZE K (JH) 4,
B¥+ A4S, pp.189-191, p.208.

12) L@y EEREEZ B Sm (1980) @ HEMH MR EE, EE R, p.117.

13) KB JT (2005) : K& HEtEHR, (£ 74 ), (http://lwww.jma.go.jp) .

14) ¥ == )L k L /L (2001): BREE LY AP, BAKRKEH =, pp.197-202.

15) AfREME, EAER (1967) M OE LR IZ O N T, BEKE, 22(4),
pp.29-34.

16) [E 4y ik — (1960) : MAkic >\ T, +HEoOWEHME, 3, pp.1-3.

17) ¥ 4 K246 (2000) : =¥t ARA N> F7 v 7 kaT S, ¥+ R%S,

3 %@ pp.153-154.

114



18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

w R IEC (1979) : #& -

B EC (1993) @ & v
KE W F 258, 6(3),
BRE Q0 (1972) @ Wi
A gk (1996)

B oL,

R AT S, ST R, pp.25-30.

s EEICT-ARICHLTCRETFHR I -, K-

pp.268-275.

fig vk, FSr R, p.127.

KEHK (2005) : FrE¥as - RES,

W2 B (1984) - MEAB®HICK T 2 BRKOKE,

pp.9-16.

H EAFE
Ak,
R AR K L

3R OE (1993)

K& PR

+ K 4y

pp.821-

Nagai, H.,

Jin A MK S5, ML ER 2, pp.45-46.

HlaEE, p4l.
THOWHEE, 49,

(1989) : AR VP EELILK LEMB BT 2 KBHHALDOET

Rop= NOR7/B:Y

it Z H = #m (2007)
T 5, HRACH AR, pp.
CRE LKy BT HH o 2 A

FEEE, 6(4),

ZNEA

831.

Kobayashi, T.,

2,.mit & EE

59, pp.35-49.

88-89.

pp.344-349.

AR &L O KR @ #f %8

LR Mo kDD 2 2B

Y E T )L, K.

e Kk (1995) : iy ET iAWl o

KR, 42(12),

Ishikawa, H. and Teshima, J. (2002) : An Analysis

of Soil Moisture and Evaporation at a Grassland Station of GAME/Tibet,

Amdo Using the BBH Model,

pp.3-12.

Wang, W., Kobayashi, T., Cho, H., Mori,

(2004)

in a Small Grass-Covered Area, J. Japan Soc.Hydrol.

17(3),

J. Japan Soc. Hydrol. & Water Resour., 15(1),

M., Watanabe, E. and lwanaga, R.

: An Experiment on the Spatial Variability of Water Balance Terms

pp.264-273.

115

& Water Resour.,



30) Iwanaga, R., Kobayashi, T., Wang, W., He, W., Teshima, J. and Cho, H.
(2005) : Evaluating the Irrigation Requirement at Cornfield in the Yellow

River Basin Based on the “Dynamic Field Capacity”, J. Japan Soc. Hydrol.
& Water Resour., 18(6), pp.663-673.

31) Teshima, J. and Kobayashi, T. (2006) : A Comparative Experiment on
Evapotranspiration for Validating the Estimates Made Using the Bucket
with a Bottom Hole (BBH) Model, J. Fac. Agr., Kyushu Univ., 51(2),
pp.403-406.

32) Kobayashi, T. and Teshima, J. (2007) : An Improvement in the BBH Model for
Estimating Evapotranspiration from Cornfields in the Upper Yellow River,
J. Agric. Meteorol., 63(1), pp.1-10.

33) REtLAY M (1989) : BE ANV FT v 7 WET LR, B¥ELAY
2, p.852.

34) AdriEiE BA % R R E K EES (1982a) : i EEJE & B ik xf R (4 2 A 23 I
Lot mREERBRFAAE), LB EMBF, pp.161-187.

35) b i & B 8 R R FEOK E D (1982b) ¢ L EEJE & Bk R (M 2 A 23 I
X tBREEXR), LW EREF, pp.49-59.

36) BARE R, FiERE (2006) : WM MOREMHAKEICET 5 EBENHRAE
— A AHE -, BELARFESRSHEEES, pp.488-489.

37) MAE IR (2007) : WEHMOEMMAKEICE T2 EBMMAE -2 A =2~
-, BERBN IS RSHEHES, pp.292-293.

38) MAA KR, THIER, Ot s (2008) : wb o H g H 0 O 7w B 1k 3% 5 &
HHAK, BEXRN LTS RSHBHEST, pp.226-227.

39) R E ONEL (1988) : A AP IEEWAKNA B WIZ KD LHY T X b0 AER,

TEoOWmEYE, 58, pp.52-55.

116



A EF

AKimX xRV ELDOHITHREY, HEFELHKEMALIBY £ L7 HEE
TRFPRFMOEARA FER, ELEELRHERLLHEEZG > 2 KR
TR A EARICHEA TS HE L LT £ 7.

RGER 5 B S DR AR E KRR R, RORU R TR R DA R B R R
7] 7 A PR E B, FTAEDE R R SRR A — R BRI, B R
SLEmBEEBY EF L. EHAARLET ET.

EFRFHEHFECTER, MR ERMSVEHBIE AT EFHEF, =A%
—HEHFICIEELHNES 2B O ERIEALFAL LT ET. FLEE -
B dn PEE BN MR S W ZE R R A T prgE A h o R - KB PRI R 21T
B+ 2 Xz Zor, WRMEEI 2@ 250 ELB L LT
EC R

R EOBMBAICHZY, HAEBHE 2 RBEENZEFR -FINORR
DT 2T D ICESEHFHLETFTES. FFlI2—FHIFH O BIEE
A2 1X 2005 FFE 20 & 2007 D 3 4 F O R W IZ D72 0 1EAH T 51 % 7 3%
LTCHEBGEZBEARLTCTITIIDRESZRZ2HB HA2THEEHIALP L
EFES. FBEOREEAERNLHEFRI OB & HY AT L
THWE -FIHORFO 42, aFRPLURBOME O LR S AITHHE
AR EH B L BT £ 7.

RIABRBERERINGEREKFNEETOBRB O RS AT, BT
— A RXHEER ORI R N2 THEERIHLHB L LT E7.

Ktz EO LI2HT0, &HITHA, M, LV ELOICHED o
WAARBRERIINGRFEEEKANEEZFTOZER TEBEE (M), DhHKF
ELTHEPBIRR (L) THEATHEZRLET.

117



Summary

A Study on Irrigation Methods for Wind Erosion Prevention
in Volcanic Ash Soil Fields

The main Factors influencing wind erosion are strong winds and soil
aridity. In Japan, the commonest method for preventing wind erosion used to
be windbreak forests. However, these windbreak forests have been removed
for land readjustment and large-size farm machinery use in recent years
leading to the resurgence of wind erosion in certain regions. Under such
circumstances, irrigation can be an effective method for preventing wind
erosion. However, there has been no standard approach developed to estimate
the appropriate amount of irrigation water required for this purpose.

For this reason, field observations were performed in this research in
order to clarify effect of wind and soil moisture on the wind-drift caused by
wind erosion. Additionally, several irrigation methods such as the variation
of irrigation intervals and water quantity were tested in order to define a
concrete standard of preventing wind erosion. A model was used based on
simulations to predict soil moisture dynamics under weather changes and
irrigation events.

The results obtained from this research are described below.

1. Effect of wind and soil moisture on the wind-drift caused by wind erosion

The wind blows strongly particularly in April and May at Okunakayama
Highland, located in Northern lwate, where wind erosion damages highland
vegetables and crops. In order to realize actual situations of wind erosion,

quantity of wind- drift soil particles, wind velocity and soil water content
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were observed during April and May for three years from 2005 to 2007. It
was found that wind erosion occurred when soil water content fell below 28%
and wind velocity reached 8m-s™'. Also soil water content fell to nearly 28%
within three days after significant rainfall.

Previous occurrences of wind erosion was estimated by using the data of
drought days and wind velocity, based on the weather data in April and May
for the past 30 years. It was revealed that wind erosion was a yearly event
which occurred especially between mid-April and the beginning of May. It
was also found that the quantity of wind-drift soil particles increased
between 11 am and 3 pm, and wind erosion rarely occurred in the morning,

evening and mid-night.

2. The simulation model of surface soil moisture for estimation of water

amount for preventing wind erosion

It is important to estimate the right amount of irrigation water necessary to
maintain soil surface moisture to prevent wind erosion. However, there has
been no standard approach developed to estimate the appropriate amount of
irrigation water required for this purpose.

To develop an irrigation plan to prevent wind erosion, we utilized the Tank
model in this research as a method to reconstruct surface soil moisture
dynamics due to changes in weather and submergence. In this model,
gravitational water and capillary forces are taken into account in addition to
rainfall and evaporation for a soil stratum up to 40cm depth.

This model has two soil layers consisting of surface and lower soil layers.
The surface soil layer has a single grained structure while the lower soil
layer has an aggregated structure with large pores. The lower soil layer is
intermingled into two structures, the first layer which admits soil water, and
second which allows soil water to penetrate from the first structure.

This model was identified using weather and soil moisture data collected
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from the farmland during the period of April to July 2005, and so soil
moisture from April to May in 2007 was estimated using this model. As a
result, the estimated soil moisture coincided with the observed figures for
both surface and lower layers. It can be concluded that changes in soil

moisture were well reconstructed.

3. Study on the optimal irrigation method for wind erosion prevention by the

simulation

One of the usual methods to prevent wind erosion is to sustain humidity of
the soil surface by irrigating the soil. However, there have been no such
specific methods defined in agricultural engineering.

To define a concrete standard of preventing wind erosion, several
irrigation methods, for example applying various irrigation intervals and
water amounts, had been simulated by using a model to predict soil moisture
dynamics under weather changes and irrigation events, from a case study of
Okunakayama Highland in Iwate Prefecture.

Through this simulation, it was found that applying regular intermittent
irrigation, which requires shortened irrigation intervals, is not practical to
prevent wind erosion due to the causes of frequent irrigation application and
increased water requirement. On the other hand, timely irrigation to apply
sufficient water when the soil is fairly dehydrated contributes to effective
prevention of wind erosion by decreasing both irrigation intervals and water
requirements.

Although sprinkled water is susceptible to wind, this method revealed that
the timely application of irrigation water is a practical way to protect the
soil surface from wind, assuming that the capacity of irrigation facility is
substantially secured.

Moreover, it was determined that adopting the wind erosion prevention

function under this method would require the design of an additional
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capacity of irrigation facility. As a result, it was shown that the additional

capacity of irrigation facility is larger than the head capacity addition.

4. Estimation of quantity of wind-drift soil particles and water amount for

preventing wind erosion in past years.

The amount of water for preventing wind erosion was estimated using a
simulation model. The quantity of wind-drift soil particles was estimated
using a multiple regression model obtained from observation data and the
water content of surface soil was estimated using the above-mentioned model
[2]. The estimate was conducted over the past 30 years at Okunakayama
Highland. It was assumed that wind erosion occurred when soil water content
fell below 28% (Volumetric water content;22%) and wind velocity reached
8m-st. Irrigation was carried out so that wind erosion might not occur in the
simulation.

The occurrence of wind erosion was not observed in this simulation. It was
shown by the average value for 30 years that the annual amount of irrigation
water was 65.75mm, the number of irrigation times was 6.2, the amount
water supplied per irrigation was 10.61mm, the amount of evaporation was

3.12mm-d!, and the amount of capillary water was 0.69mm-d™.
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