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RESEARCH ON MAINTENANCE AND MANAGEMENT OF AGRICULTURAL
INFRASTRUCTURE IN THE SNOWY COLD REGIONS CONTRIBUTING TO
IMPROVING FOOD SUPPLY

Research Period : FY2016-2021

Program Leader : Director of Cold-Region Agricultural Development Research Group
NAKAMURA Kazumasa

Research Group : Cold-Region Agricultural Development Research Group (Rural Resources

Conservation, Irrigation and Drainage Facilities )

Abstract : The relationship between global food supply and demand is expected to tighten. In Japan,
decreases in the numbers of farming successors and increases in the demographic aging of food producers
are causing concerns over a decline in the food supply capacity. In Hokkaido, a major food-producing region
of Japan, there is the need for the development of agricultural infrastructure and of conservation and
management technologies that suit the local conditions, such as the large scale of farms and the cold, snowy

climate. Each objective, and major findings of the surveys conducted in fiscal year 2018 are as follows.

Objective (1) : The development of technologies for the efficient consolidation and advanced management
of large-scale fields to respond to the expansion of management scale

In areas where the surface soil is light clay and the subsoil is peat soil, the changes in soil physical
properties after paddy field consolidation were investigated. At some locations where paddy field
consolidation had been conducted because the surface soil of the fields was excessively damp, there were
cases in which the “solid ratio” and the saturated permeability were not within the permissible range. The
investigation found that by conducting consolidation when the pF value of the surface soil is from 2.0 to 2.5
or higher, it is possible to mitigate consolidation's adverse effects on soil physical properties. The soil
moisture condition can be determined for the execution of consolidation by using a cone penetrometer to
measure the bearing capacity of the soil.

A main factor in the non-uniform irrigation and drainage of large-scale fields where rotational crops
were cultivated was clarified to be the soil structure and the degree of cracking. The investigation also
clarified that, to prevent moisture damage to crops, it is important to eliminate excess water from the
surface soil, as well as to lower the groundwater level. Other findings are that it is possible to achieve water
supply while securing the bearing capacity of the soil for harvesting by using sub-irrigation and that the
execution of sub-irrigation during the rice ripening period promotes methane emissions.

We surveyed field water management at a large-scale field in a peat soil area for three years. Three rice
cultivation methods were used in the surveyed field: direct seeding in a well-drained paddy field, direct
seeding in submerged paddy fields, and transplanting. The differences among the total amounts of water
required for the irrigation season for the three cultivation methods were small. However, the water intake
duration and amount of required water for each cultivation period were found to differ among the three
cultivation methods. Based on the result of these surveys, we proposed a water utilization planning method

that enables farmers to consider the future expansion of areas for direct-seeding culture.

Objective (2) : The development of technologies for the maintenance and renewal of agricultural
irrigation facilities considering changes in farming and climate
We verified that, to investigate complex deterioration in irrigation facilities in cold, snowy areas by using
non-destructive or slightly destructive test methods, a laser distance meter and a mechanical impedance

hammer are useful for concrete members and an ultrasonic thickness gauge is useful for steel members. We
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investigated freeze-thaw deterioration in the concrete of open canals to which surface protection works had
been applied. The characteristics and speed of adverse changes in physical properties of the base concrete
covered with the protective layer were found to differ according to the type of surface protection work. In the
development of “ultrahigh-durability cross-sectional repair and surface coating technologies” to address
complex deterioration from frost damage and abrasion, the basic performance of the materials used was
evaluated, and workability at curved sections of irrigation canals was improved by introducing machine
construction.

At a large-scale irrigation canal, an appropriate decision-making method for the facility administrator to
close the water intake gate during a large-scale earthquake disaster was investigated based on the expected
value principle. We created a draft of a manual for formulating disaster-response planning for
administrators of irrigation facilities.

Objective (3) : The development of irrigation and drainage technologies that are in harmony with the
environment in a large-scale farming area

We investigated the relationship between the irrigation water supply and water quality in a paddy field
area where the irrigation is done using open canals. In the investigated area, the water required for delivery,
which directly flowed out from the end of the irrigation canal during the puddling and planting periods and
into the drainage channel, was found to contribute to water quality preservation by diluting the field
drainage water, which is high in concentrations of T-P, T-N and SS.

We conducted an experiment in which anaerobic fermentation was used to process dairy manure. In the
experiment, we used four levels of aeration. The slurry was input at the rate of once per day. We found that,
in order for the aerobic condition to be maintained, there is a threshold value of aeration per unit of easily
decomposable organic matter. We also investigated the relationship between the period of blower pump
operation for aeration and the period of foaming at the surface of the slurry. This investigation was done to
examine measures against the overflow of the foam on the surface of slurry in the regulating tank of the
organic fertilizer irrigation facility. The investigation revealed that foam overflowed even when the blower
pump was not used.

With the aim of proposing an environmental water quality improvement method, which uses a
numerical model, based on water quality analyses using the Soil and Water Assessment Tool (SWAT) for a
large-scale dairy farming area in Eastern Hokkaido, we conducted a survey in the catchment basin of the
Nishibetsu River and the main stream and tributaries of the Yaushubetsu River and obtained water quality
and other hydrological data for use in assessing the accuracy of the model. By using the river discharge and
SS concentration observed from 1998 to 2003 in the main stream of the Nishibetsu River, we obtained a
model that reproduced the values measured at the normal water stage by adjusting the model parameters of
SWAT related to the runoff process.

Key words: large-scale fields, soil physical properties, sub-irrigation, bearing capacity, direct seeding culture
of paddy rice, technologies for maintenance and renewal, complex deterioration, irrigation canal, surface
protection method, disaster response plan, delivery water, slurry irrigation, dairy manure, aerobic

fermentation, water quality
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) APFEHXCIE, #1 (0~15cm) OPEREDELL
TS 72012iE, #Ft (0~15cm) 23 pF2. 0~

2. 5 FREEL b TRz LT REE Tl T3 2 LB H
5EBZBND,
2)  pF2.0~2.5 [ZxHSd 5%t (0~15cm) DM/ IIE
0.5~0.6MPa Thk V¥, THEHEEIL 156~17Tm Th -
7o ZO72®, FEMRICE T (0~15cm) OHEE )
23 0. 5~0. 6MPa LL & TllE L= D%l 3 20,
TEERFFE DAY 15~1Tmm LA % CEHE LD % ff
AL TOBE LE 72X, £ (0~15cm) OPER
PEOBEUIFIH S D LB Z DL,
3)  EHiT L R—H O 12 X0 U EM Thiu 7z [E
BFOREA PR OB 53ClE, GIRE % ORI
23 0. 2MPa BN, ZHLAFIZE TR L CU e,
ZDTZOERE OB, T L N —
PN HITHEHITED/N SV 2 {7 L R—H D
HNLEE LN EEZ BRD,
TIEHREE AL Td 2 EMEASEPIHIX 0D 2 20D KX [
B COFBRERIILL F OB ThH D,
1) METHESIOMETH#OE T (0~30cm) Ti, THIK
5y & it & O B OFBIBIRD FRD b,
Ft (0~30cm) O pF A32.0 LAFDSAE, Hifit/
DN /L R—F O TRIREMIT /)2 a1V | pF i
DOHINE & BITHIfDAMER L, pF 232, 0 282 %
LIEHTT /L R—H OB TRTRER ) A FE1D K 51T
TpoT,
2)  FrFESTEBRDH-TRICIE £ (0~30em) D
pF 2% 2.0 KV KREL D E TR bl L
R—YOVEEEBIET AUERSH D LB 2 Bz,
3)  FEFETBERND T E B SIS
Wi TaAT- 78R, HEOBE LA < B Nn b5
ZENWNRENL, ZOX BT, M 1 AR
NG LT, R EOUGED R T,

BE30

1) AfEREES - AmERESE - B OBE, 2017.

2) ACHEEREEG, TERBIFRESERIIEAS, A7 Lo R
AEAE, HEREAREREG RIS - AfEEO%S<
Y. pp.52-61, 2011.

3 AWz, BAREER, VIPG(E « RS O A
PEZ TS 2 TR BREIE, RSN TR,
vol.83 (5). pp.363-366, 2015.

4) AMHERERT - ABEEAES A K 2015, p.18, 2015.

5) A AHE T2 - MR 1L L i, p.89l.
2009.
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16.1 FERBROFLKITHIG L= KREEIHO RGBT & SETCEERNTOMSE

16.1.2 KREVKHBEISIZE T 5 TREHE S AT LOEENAICET S8R

YT — & BRSO TE 7 v — T (B IRIR T — L)
WFFEFA A BT, AL, B, /K E BT

E3=)

Vet z B & 3 DERVEI MR 5 C, ROMRRR I FUEREZ R L, H KN OB 2304 L7z, JbiimE e
TTOSEEHI X R GHIE T, RS L0 MU RALIT BA7 U7y, RHIARSREE(R T 45 X oD T3 Bk o 15
WD T THU R KAL & Z DN LT 234 Uz, MRS SHT 4 @RTHIDO NS Tl T RS
HFARRLANES) L 72 oTz, ZOERKE LTE, BHO@EKMEI NS < HEEESCAROREN 4 TIE R0y
ZENBZBNT, S6IT, ZRFICHT DA T, ERMIX &4 SRIHIX O T O K EMEZ 1T 2 ICEIT,
HFAKAZE D &, 156, 25 e PRD AR ESAKE L 0 8 Lo B LBV 2R Lic, @V INE %
Bo7eDIZiT, TP KMAZETSEL720 TR ELICBT S HE~ ) v 7 2O RFKE KT 52 &
WEETHD EFZZ DN, LEORRIE, KL TR R & U COMROIL, A O ORI OS5
EERD DA TR, Fio, KEGBHERS T, BRI ML FEhE LA L7 i), B O KEG~D K

oriitia & URER Z B2 il ) ORECRSHINE T E 5 2 & 2R L7,

LU, BRI D FREREIT A 2 >

PEHBEZ R SEDHAR D -7, 5%, M P KMORIEREEFOMNPLETH S, LLEORRIE, Fwt
PETZT T S BREEAMICE 2 2 58 6 B8 Lo MR 7 IE DI B D T2 DI,

F—U— 8 RIKHEVKH, # PR, H IR, K5,

1. [ZCHIZ

EBED KBS AT Tl BEMEFEORE R LD
7D, HHNFAD RO KX T, - PUH A
HEE S CDY2, F7z, AE O KX EK HES Tl
IR bR 2 F 1 L7t FRGEHE S A 7 A E AN
HEDHHNTND,

HEFORALRE S 2T OB, KRGS D FEH,
HR B EOMECTHE O EOBREE, KEEROE LI
HN T D, AREOE YT CHlt FRAZHfES 2
TLEHHTDFEL LT, HREOBEERHI M M2
FEid D2 EMRRIN WD, OB, TR D
LTGWNELD EEOEBIZHL LT RAEL D, FOMEE
DI=DIZIE, BRI TL T R KKk TE 5,
H R AR K ORIMHEA T LB T 5, AWFED
1 >HOER EEL, BB R BT Dk AT
DIFEREFR & BRI & L7,

KHETIE, i, BRI WL 5, %
D BRI T OB 72w 2 B N CHROTEM: 217 < e
FFo2 2 &ngET ondn, MWEROIHMTIIZ < O
KRFHE B+, 2T, HFAKNHIES AT 2
ZHIH LKA Z B FO—EOHES THERFIIUL, B

e 2| N

HIR £ CHERD DARICIER A IHG LoD, #I F2BA4
BICHE KA D 2 ESTREL 72, RIS, Hb
FEAHEOHBORFRSED Z LT, I 2T
A AT BT bR T D 2 E N TE D,
ZZ T, 2 0HDOEREIEL, ARREEHIOK M &
M 16BN U7 R ARBERIBEAR ORMEEE LT,

B AR © TRy - By O L, IR=EZIRAT
AP EOEENC LB L, BREICANTE 5
25 EDNBEEND, TDT8, HUFREEOR I LE
I B AR OV TIHRSRMEANE CH D, £ 2T, AN
F2D 3O H OERLEE T, H RO S BREEA
RFOFHM & Lz,

2. EAFEMEIEICE T HieHK LS DEEIEE - 2R

fizeA

2. 1 REMEAE

2. 1. 1 R
JREEETR OFEHHX ORAEEYS (BIES) Tl

2015 FERE|Z [ B P H P e S C X P T

HENESN- (X-1), BREBMIRLA 170m, 05

70 m CEFEHILAHE A TRY . BEYE (EERE 0.7
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~1.0 m) OFFERFRHL 10 m ZHAL LTWD, HiHai
ZiE, BUK#k) 5 50 m HS T A EESE R A E LT,
VESSERSOPERIIL 20134 F CTO4FELL HinfRim e LRI
L. HAIE 2013 - E TR E LTRIFL QU F7e,
HIED S 32~60 cm LV FANERE CTH D, FHABRLARE
2B DAELSE 36 cm DAL, W) 23~34%, TV k35
~40%, Hhit31~3T% TH 7=, 20174, 2018 4L B
K (=¥F~L) ZEHT Lz, 5 A PAICKG2#
fEL, 10 A FANCIEZ T>T, 201747 A 10 A2 D
11 B TRNEREER KR 2 H T /KA —30 om [ZRRE LER
KU CTABNED T O FESA1T 7244, 7 A 13 HIZ
KRR U=, 2018 4F1%6 H 7 H & 9 HIT/KMAE 2
12 LBUK U CHEHED 7= o FREME A T 7223, M
DT DREIRFHCKMIA B L7, 2017 412 AX5 3 A
FCOXLHIRNIKME-DH5 cm O TFAKNEREE LTz,
VBT A-GHT 4 GRAHIX R ERERS (1 F) TIk,

20 AL\ Z X IR T3 Sefite S A7z (X-2), 1 IS
Fil0K9250 m, K965 mCHiE F/RAZHIE S A 7 25 (FOEAS)
2 TRY ., HEIEE (ERUEL 0m) ORERMRILL0
nEHEARE LTWA, #iFK)H35~T75 emd W FNERE
Th %, IEBALERHZIST DB RO/E1E28 cmd+-

/’F%ﬁﬁﬁ%

30 50 70 90 110 130 150m

i1

......................................

1

i
Si
o!

loigi

i

|

i

i

1

!
o!
!

|

i

i

1

!
o
|

H-1 BESOERAIORISE LSRN RAIER
Ot KGR R L U HEFEM R LBk DR

HTRY, EY DRLOFRAITIFEKSD HRITE L=t

ETY.)

PRI, D44~59%, L 2T~3T%, Kit19~25%T, FD
ToRESTEEOREO L, BT0%, /v R 18%,
A 112% T o 72, 201 AR E /N (X 72138 ) %2
20I8FFIIRT. (E RFEEV) ZAETT Uiz, 20166F9H T
AN INEORERE, 20178 A AN, 201846 A I
ANCREORERL, 2018411 A HANIFER 1T 7=, 2017
HFEH25 AN G290 £ TE6H30HNHTHSH ETO2lH],
—40 emDH FRNERE & L CRORASIZ X v Hi FHERETUK
ZHIE L7, SRR OFRs BT oK R A i L=,
0184EI IR 43 T~ 72720, i MR A Sl L7
DoTe, 201712 H 753 A F TOAMIIIKFZ—40 cm
DHLFARAERE & LT,

B2 1 ESORRIIORTSE SRt RAER
(TR R S & U B R T Bk E
DFATTY . Y DSLOFATTIEKSTHA
E LR ETRY )

2. 1.2 #/&

MEKRIT, BESH JON BSOUnhs Cisfil~ 23
BRHT IV EH L7,

BIH5OH FREREUK R, 10 2[RI CRIE L72Huk
PPRALZ HQ AUTARA L TRO7, HQ L Rl 1wy
7 N TRIE LIZBUKBIKALE | BRI LD
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HIE U7 FBUKEOBRHIER LT, T BSGOM
HERERUK ST, FERGRESHC LY 1 EATCRERIL, 2
EFTOBUKE LA U T D LE LTz, WEGORTIRHE
KEIE, AV v MEZLY 2~10 S CHIE L=,
HFROAE, BEEPRRER 21 HuS e Lz, Mo
FTA U 1~3 (FNEIULL, L2, L3) (Z8BWNT, Buk#in
530 B L<IH40 mEfROD 21 Hisi 2 FAR L L, 2018 4F
IEBESHZIBNTT A0 (L0) D30, 90, 150 m s
O 3HEZBEMUCE L7 (-1, 2), F72, BHEE)
© 50cm BELOHE RN BIEEGZISU T LL 0 30,90,
150 m HUSE T, TSIV TL2 040, 130, 220 mih
SUCHNE Uz, HOTRAOE, #sHERURAE 2 AU E
EITHAN LB L, 30 Z0fHibm CHRIE L7,
FIVENDRESZNG 21 #is (-1, 2) 123 T, 2017
FEDOIHERIZTRIRIE L 0 EOHEAEIL, FKIRE
VOIS RO A E LT, &7z, 2017 4F 10 Al
VI T L— NEZK O R— s A
T—2 L— MIE LT, M. WERBUKAE L 3 1
FUZIBWTED LD 1A 3em 7% Uiz &, IR 3 Ml
FUZFWT Apl & (BIEGHY 20em, T FEIGHKY 15em) 2549
3 emFE LA 15 emFEA U CERE L (2O ENL
B ORCENE, DR, E N HURISE b IR Ap2 & 975),
THERSE, 2018 AR AR 3 HLG CTRIE L7z, 0D

HEAIX, BESTIZLO 30, 90, 150 m Hus, 1 [
TILL2 D40, 130, 220 mHETHD (X1, 2), HHE
KESRT v VL, T oA A—RIT L0 &G 31
J£ (15, 25, 35cemiR) . 4 SAETHIEL, 30 43fHib@ChL
gL,

I, 2018 4RI A SO R AN E S CRlfs L
7o (-1, 2), BHURIZIW ORI A S50
1 mZXVERY | EFER, K FEEEHE LT,

2. 2 ERfEMRICEHIT S TKEIDZES)
2. 2.1 [REKEE

BEIZIT 56 2259 A F CORERKEIL, 2017
., 2018 FEZNZFHN 667, 668 mm TH-o7z, 6 HD D9
A EToABKEIL, 2017 4-13 147, 145, 129, 247 mm
Tho7=DIZx L, 2018 4% 131, 235, 275, 29mm C,
017T4ELHIE L 7 H. 8 HORKENKRE L, 9 HOR:
KEDINE D o7z (X-3), 2017 A%, 6 A 25 HD 36 mm
DOREK#%, 7TH 16 BETI10 mm 282 HFKIT7R<, 7
H 10 B 10 K5 11 H 16 By CHEU BN > THUk
Ze L7z, 20D 30 IR T MEERETUK &I L 36 mm,  HEIR
PkEIL 12 m Th o7,

I BT 5 6 A5 9 A £ CORERBIKET, 2017
., 2018 FFEENZFN 541, 661 mm TH-o7z, 6 H~9 H
FTOHBKEIL, 2017 413 129, 121, 83, 211 mn T
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t 80 |
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2 _80
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(HTKED T S5—/\—%. BRE/INEFTT,)
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E O ..................................... » T8 o I S et M
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m i pE
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B4 1EBRICHITHRKE L B TKEIOFE (= 21) OFEZEIE
HTKEDTS—/\—IE, BRER/NETT,

HoT=DITHF L, 2018 451% 134, 191, 223, 132 mm T,
2017 Ll T 5 L BEWG E [FRRIC 7 A, 8 A DRokE
BRED-T= (1-4), 2017 455 HIdkEIV IS L,

5 H 25 )5 4 H I N REEEA 920hE L7, Z DIFOMT T
TEMUKENT 24 o C, FEMEIRIHRICEE 156 mm OREK
Do Tz, FOEAS DKNAEBRER & ANIHIERR DR EANT
IR IR A B L2 2 & BB L, IFRHRK RIS 32 mm
L REDoTo, Fl2, 6 430 Ao % TH5HETDLH
HNZ 2 [B]1 H O PR FElii L 7o, ZODIRg, Hit TR
KEIT 18 mm T, FEMEHIHPIZAEE 15 mm OFFAKD B>

72728, BHEEHEKEIL 1 m @ X720 o7z,
2. 2. 2 EEHREICHITHHMTKEIOES

BT S 6 ADD 9 A F A FANMIE, 21
DN THR D & | 2017 AE73-84~—4T em DOFPH, 2018
FE73-85~—AT cm DI TER LTI (X-3), FIKIH
TR DT, HUTKRAIE, K & M REM O SEI
JEUTEAL, 2017426 A5 9 AETOHMTIET A
11 H Ot FHEESMRA Zfemfifiz s LTz, #lE F/KAL) S
HBACT L7ZDiE, 2017 4E439 H 11 H, 2018 4EA39 H 29
ATh-orz, 21 HUROEHERAL 2017 4573 7~18 cm D
HiH, 2018 4EA3 T~15 cm OFEFHTHERR LTV =,

I BT 5 6 A7 9 A R FRALD 21
HS O, 2017 4EA364~—19 cm OFIPH, 2018 4EA

—60~—20 cm OFIPHCEE L TEY |, 2018 4FD S ) A H)
FPHII NS D o7, BEEG X 0 FANITE <. Bokic
S U CHE FARIE B U723, i FHERESE R 2B 5 72
IR R ABEDOZAGIT R, B -T2, 21 M OREHE RS
1% 2017 £E73 8~16 cm O, 2018 443 11~17 cm O
FC, BESGEFRIRECTHT-,

2. 2. 3 MTEMEMRICETHHTKEIZES)

201 T FREBEFEREIRH Z 331 2 BN OIRR O
NG A%, W T REBESEREIERT, BUKKE TE, KRR
L TBHRRZITOWTIR-BITRT,

BEISSCIL. #MEMERTORAIEL—T5 £14 emT,
Bkt 530~60 mits TR Mz 72 (X-5a),
B TIEZICIE, —45 T 14 cm& 30emFREE KA B4
L. HFHZ70~90 mihsC—23~—34 em& KOS > T2

(B-5b) , ZKIfEAL L CHAZICIZ—63 £ 12 emET
KR L7 (K-5c), BREEZOH FARMIE, 30~50 miths
T MERF S, M TIRERES R OLE) &/ NS Do 72,
50 mf T I RAM A ERR M E L (K1), ZofF
SETER B A SRR D [ OFA R > & O D
T DSHIE R KT LT & & 2 B,

I [l T, #i FRGZ I FREREECATI . —53 + 12 cm,
BUKKETERZIZ, —51 £ 13 cm, KEMEHCE RIS
—052 £ 14 emC, HUF/KMOEENIFEFIT NS, F
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TN B2 Lo 7= (X-5d, e, f), 1
Boo2[a] H O MM IV T [RIEROM T
HoT

i FHERESERER 2300 DRI 0. 5 m BEL & TRfH D
TANEBNZ X6 1R T, BEMTIE, BUklod 30 m
MR RO CTOKRIANED B & & HITERNT ER L,
FHCHFRI CHEE Ch o7, BUKIEIREE, H KO TEE
RMNAR T U, ZKFIBA IR IR R L, —
J7. TG TIE, BUKRIZIH B2NIHRARALS B5A- L7z
HsE, BREER 0.5 mEEhO 1 SO TH -7,
2. 3 MTFKEEENEEEE 2 HERDET

TR HELT 2 B BIfig¢41 = I [l C
53 = 10 emTh o7z, BELGTIL, SHLRIZIHBWTIE

7 cm,
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B Eli%
(a) TERERT-7H 10846F

EAMORREEEBRORR - REEEICHT MR

IRIEE TEIBITHT THRIRL, EAVENLODAREET0
~9, 9~22, 22~41 em T 7=, BRI /KERED H g
1, AREERIE S A R CHERE S A U (10 °~107"
em/s) EHGT A& UgHIFFRRE TH-7-8, 2fEH
L3FHTRELS FREI-7Z (X-7), —H, B
i1, 1~3f@ TENZENAL 5, 41. 5, 36. 7% T, FLHEE (40%
LIF) % HEZ 00852 bOORE 136 Lo
7= (X-7), BEEZTIE, HFAMOEY 30~50 m T
3 H ORI K Z < BAERED Y NSV o 72,
FENRTO THF FRRREAS, R & KA 5
EBHZ I EDVRB ST,

[ B CIE, 10HLRCYETE O M RRREE O+
JEDWMER ST, TeiRfEE TA 3BT/ T THELL .

Ly (d) #OERNERT- 5H 258 128
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LTS Tl TR L 7o, ZAVENVDNATREE T, 0~
23, 23~41, 41~53 em T >7=, BIFLEKRER D9l
I HEEE S FRE T (-7, BEBGOIJEH L 1 HES
D2fEREIET % & BEDRBICRE otz —H.
EFREOFIYEIL, 1~3/BTEITIUS. 1, 44.6, 38. 9%
T, JEHARE A KX < Halo7e (%-7),
R I A T —7 L— ML, BIEECRARE L,
B Ap FAVEILI8S + 21, 7.7 = 21 mo/h, I [ET
RARHE b IR Ap 2 E4 7.1 £ 1.3,0. 01 = 0. 01 mm/h
Tholz, 1HESTIE, g uI B L Y K&
VIS, Ry I A T L= NINES otz ZO
Zemh, 1T ESETIEBRES L HEfEESCARORE
HEEL  BGOBAKEIMEN ERBZ LD, B
PR O FEEEORIF D= 01213, KA HOFEEE
WEETHY, 4%, HEEESCBAORERE L Z0
BUEZN & it 5 BB 5,

B Ei% 1 @15
~ 101 101
g T
5 711 7
- -
103 103 4 — 1 !
£ - T
L IO W1
- -5 ]
@ 10-5 10° 4= o
& . 4~
ﬁ P Ny - o
107 107
| I I T T T
1 3 1 2 3
70 - 70 -
- - -
g -
< 50 SO—EE"
82| -
I === i
o 1 [
30 . 30435 o 4
| o
_ o _
10 — 10 —
T 1 1
12 3 1 2 3
E={ivi [EBfi1
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2. 4 HTKELEHRKTDEBHNKEERIEZ H%
45

BIBEGOH FRAOE, faKAITE<HERE L, el dE
AAICRFEECH -7 (X-8), 201847 H 16 H) 5 8
H8HETESH3L D9 A 30 HETOHMTIXA
FEAKEDN 10 mm 282 5 F & Fo7-BERAR<, HITFK
MM H-T5 em FREE TIKF L, ZHHOHIFT
WA RT v L b RELS ER L
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X8 BEHSIZHITS 2018 EDME/KE. thTkiH L UTIEK
DIRT v LDEEZEL

[ GO AN, B & [FRRSRAKIRIC R < #E
BLz ((1-9), i EHKATCIIRRE ThH- 7208, F
& F T BFERODINT AR D 8 A ) E oM
Tl HEAMACHE FRAEAN80 em £ T F L7ZDIZ% L,
FAAMAICIE30 em, HHRTIE55 cm ETOK FTh -7,
8 H 4 b 5 HETOAEE! 18 mm DFEFNTIL, 15 cm
TR, 25 cm TRE BT, FaKIE & KM CIE oK AT
VR IUBERHNT 30 kPa T T L7=DITkt L, ik
T E BITHOTNUE T L7272 T50 kPa & _E[E]> Ty
7o, ZORf, HUFANO EFHEIEFHRT 10 em LicH K
X< HRTIERAAML, HEKRIE D b R E TORRE
NI L TV EZ BN,

2018 4E6 AN 5 9 H E TOFHSORARH FAKAE &
FEEOBWRAZLI-10 (TRT, HARH AL & A 328
(I3 VRO (r=-0.65, p<0.01) 2AHY, HIT
IKNEDSE N EIE IR T S5 2 EaVvRaivie, LinL,
T [ Tl FKA723-80~—60 em T b k5 F-FEENFERF T
INSWHILE SRR ST,
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77
313 #&R
3131 BRESLVTKER

F-5 |TIEKUTER L OVRRZ 7~ T, KB & DIEK
a3 22E L TR Y | BRI P OB EAFHE 2600~
2700L F2EE L 72577,

SAPRAT V) —OWIRI I E U7 CTHERE L=,

F5 BRRESFIVERER

. BEre™ BaEast| @mE™
HMBREA T w C)

20TS4 24h 0.124+0.02 2699 19.8+0.1
20TS7 24h 0.12%+0.03 2717 19.9+0.1
30TS4 24h 0.124+0.02 2650 30.3+0.1
30TS7 24h 0.12%+0.02 2641 30.3%0.1

X EERERE

3.1.3.2 ORP, pH. EC

BI-6 |Z ORP OB 27~ ORP 13RO L), =t
FIOPEE &R E CHREMRIE CIIAEI 1 Em < . B
REECITBRIAMENNY, TSA%DIX Tl BE® 3 H
HETORP 2ME T L, ZDi%-400mV R THERS L7-#% 9
~10 H H B 5 Ukke, 30TS4_24h XTI 13 H H LI
12 20T$4_24h X J 0 $RE S A Lz, —75 TSTHDX
TIIERBRBHAGIE THEE T, ORP 1T/ T Uit 7=,

B-7 |2 pH OHERB 2=, BABRBHAGIRFOD pH (3 TSA%OD ]
[XC 6.5, TSTUDMX T 6.7 THY ., BEKEIMAHKIZITT
ATORERX T pH 28 B L, BBHAGT 8~9 H HIZI
TSA%DMXT pH A3 8. 5 1552 L 7= M —E OfE THE
% LT=, TST%DMIX TIE TSA%DMIX L 0 FEeh s B L,
IRSBALE 15~16 A HIZKY 8.5 L7e o7,

B BEH )
00123 456 7 8 9 10111213 14 15 16
0
50 | ——20TS4_24h
100 L -—=20T57_24h
30T54_24h
%“150 r 307S7_24h
200 ¢
B e, |
i -250
iy
';\_31-300 L
& 350 | Il L
S~ N/
-400 e ___
450 L
9
8
7
6
5
I
2, ——20TS4_24h
---20T57_24h
3 30TS4_24h
2 30757_24h
1
0
0123 456 7 8 9 101112 13 14 15 16
RSB
B-7  pHO#RS
14
——20T54_24h
o L -—-20757_24h
------ N 30T54_24h
Seezoora 30TS7_24h
10 b T T e -
E 8 _\
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é R
W6 T
o
H 4
1K
e )
0

01 2 3 45 6 7 8 9 10 11 12 13 14 15 16
BSEH%W)

B8 TBXIZEE (EC) Difirs

X8 |2 EC OB 7~d, ECIHRRTOERE O EE
FIHEECH Y Y| BC L DIEEIR G A2 HE
ETEDLY 720, BB OBk D HZE & UTERRI LT,
TS4%D X ClIMEBHAAH 8 H H & TRA I L7cF4,
W —E D THERS LT, — 5 TSThD X ClIatig 1
RFE O UBE T 7=,
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3133 TSERLUHHYEE

=6 |2 TS &, AR AR EZ T, A
B> B 0. 4g- 100gPM! & e b KE o 7-Di%
30TS4_24h X T&H Y W2 0. 1 g-100gFM ! &b/ NS ho
72DIE 20TST_24h X CTdh 77, BEDFEZ R 573,
20TS4_24h [X & 30TS4_24h [X, 20TS7_24h [X & 30TS7_24h
XAaZEIid 5 & IREDEFERX COAHY)
BWOBNRKRED ST, £ SARAT Y —DREDE
W 15728, 20TS4_24h [X & 20TS7_24h [X, 30TS4_24h
[X.& 30TS7_24h KA ZNENUHITT 5 & TS HVHS VR
BRIX COFMMIRD B RE Do T,

x6 TSESLVEHMYEE

AHMEE

TSE (g 100gFM™ = AEY
SHERAX 4 Sl € ) (g IOQEFM P) W
BASAEF B TEE BASAEF R TEE (g']OOgFM_I)
(RKO0AE) :(KI16HE) | BK0BE) (X168 H)
20TS4 24h 3.9 3.7 33 3.1 0.2
20TS7_24h 6.7 6.6 56 55 0.1
30TS4_24h 3.9 3.5 33 | 29 0.4
30TS7_24h 6.7 6.5 56 5.3 0.3

3134 BESIEH

-9 ([CRAH O Zon T, 7eks, EIC VR
R Y —ORIE FIRASRSHE A0 £ TLR->TEY
DR BRAEREO— R OFRBRX CIXRAFEES 40 282 T
W, REEREHIEITA RTA P 12k D&, 6 Bki
SRR I X D R & A3 2381 5 RAHER
DERIIR-T D LBV Th D, KBRS /URA T
U =3 _RTORBRKICBOTRAIED 35 Liks
720 T, IEKBREEH 1 B HICITRSEEE R & <K
T L72H OO 30TS7_24h X CIEEAFESN 22 27~ L[58
WZIBN Thr o 77, TRV VT 30TS4_24h [XC 19, 20TS7_24h
XC18 /R, PRIUEHITE HIZBVY Tholz, 72
F, 20TS7_24h [XTIIRAKHEES 16 LA ETHER L7z b0
D, 30TS4_24h K CIIRAIALF L, BB TRAZIZR
KEEHS 6 L7200 IZBWHARELSIE TN L, £
20TS4_24h X JEESBHAGE 1 A H ORSKFHEDN 13 2R L,
ZD% b 16 LUFTHERS L, 3 TIRACITRSTERD)S 6
Lot

®1 RIGREERTIEHOBR

RERE NE EREHN
0 mE —
1 POLBITEDIZH L (RAEERE) -
2 FAIDIZELN DDA BEBLIZEL GEAERERE) -
(25) | (2&3m ) 1
3 EIZREATESITEWL 16
LB8) | BEADERE) 20 .
4 BRLMIFELY -
5 FRFNARITH LY -

0
——20TS4_24h
35 --=20TS7_24h
30 | ¢ 30TS4_24h
30TS7_24h
25 \
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%20
ﬁ ,,,,,,, NN -
15 o~
N—
10
5
0 L
0 1 23 456 7 8 9 101112 13 14 15 16
BRAH
X9 RSIEHOHRS
314 £

ORP &, TSTUDMX CIIFERIE T E TR T L
Fe 72 b DD TSADX TIIER B 10 B HLFEIZ
FRACHE U=, b h, TSOMX TlE9~10 HH F
TR ED o HDFEE E T, ZDt%, BEROM
FEDNHEREL D bEL ol bEx DD,

pH 13 TSARDMIXIZISUNT, BREBAMAE 8~9 HH £ T
\ARZZ ERH LTk, B EDMECHERE L=, F7-.
EC 13 TS4%DMXI 36U T MEKBHAAT: 8 A H £ TiRa 1
KR L7tk B —EDECcHig Lz, J70bb, kb
@ ORP 73 ESHTHA U7z B E e [R) RIS —E & 72 o
T3,

FERBARARF & KT IRFOTIERS SR> & KO T AR
&, ABRBALARED TS B3] U IREED S aRiRIX
TREVWZEDHALNE 2T, Tabh, BEEEL
T2 L TERANREGED WD) T LRSI, F
7o, 2 ODIRESAL BT, TS BO/NSWXOFEN, H
BB &R E o7, BEIEBIE TS EQRE VS
PPRA TV —TITREVMEEL 22D | 2BV DFRV VREEDS
e D, TS BAVEENWSARAT U —TII/h & Vi
AL, BEHEORERIE D IZBW DI TS Th 5
ZEDHALMNNT R oTE,

3.2 HEFRARER
321 B#

ARG TH 2 PRl 2 5 A0RE, IEEFERE R O
FANTRRE S TR S - th, TR L gt
R[REND, FFERENORELIRL, HKiEDE FRMEDK
NEFEZ D LIRS 7 D) L Ol /KRR~
B ESND, RETIL, T OFEERE AR L=
BREE & F, BREERE OB WBSARA T U —HOf
52y NS ) SO | T
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322 &

B-10 (2 FRdkE OB 2 | BT 1258k g, &8
\CRRER 2T, FRBIERFO AT L L A a5
ARAZT U —IX28L & LTz, TDSAPRAT U —iE,
-10 DFEBRIEE 2 FHINT 4 DD AT o L ARERNT 20 H
MILL IR ATV, ORP 28 160~205mV (Z53E L7 6 D%
NTRE LIS, 4 DDRAT L AR T 5T -
LD TH D, FEREHERD TS BT 2. 8% Th D, AT
VLA DOANFELR S IRAT V—EAFIET. 1 B 1
[Bl, AT > L ARGNDS/NRAT U —% 2L A LT
P TSAUZTHEE LT AMER S ANRA T U —% 2L TRANT D
& LT, AL, R 0.2, 0.8, 1.4, 2.0L -
min  ZERE LTz 4 X & Uiz, IREEERTII TR
% 24h - 1 & Uiz, HRIRIEHEIC 30CERD L DT LT,
FEH LIESARA T U —Id, 3~ CR— DB
OFAANSER L= b0 TH D, FEHHARIL 2019 4 1
H 22 H~2 H 20 HD 30 HRECTH D,

AT L ARERND S IPRA T ) —OMEIRZ R 5

726h, pH B LTNORP DRtz fiEH, ARRSAIRA T
U —OF AR EBNZIZIHNE LT, Ziud, SARAT
Y —DJFFADMFE TR S A1 D NI I K> TpH 23 AT
HEEZLENDZEY L ORP AMFRHMRIE CIZEALA
Bl eH LY Mo THD,

A2V
RER
i PEﬂ’%—l;‘ﬁ% ZFULR
TR / @jg
TREEt (=ML
‘Z7K*§
%yg‘) =—Fu [ ] o KRR
LytH— VT gH— J 30°CI={R %

-1 EERIKR

=8 FJEFEH

" BARE |BRAEM | wl |25)—8| Z7HEY
ails - _ o AE
HBEE | (e | (eah | (o) [ 0| ZAR
R30_200ml 0.2

R30_800ml 0.8 94 30 28 )
R30_1400ml 14

R30_2000ml 2.0

323 HRBIUEE

X-12, 13 (ZSEBRMIRI AP I2381) 5 pH 35 L OVORP OHERS
ZRt, BABRX O pH 1, WP BEA LT AR S A
JRAZ VU —X 0 @<, 14 B BUBIZENZhOX CIHE
—TEOFIFATHRE LT 0 | BEKURED R GRRXIE
EEpH 278 L7z, ORP 134 H B LRI Y HostBRIX
ThvAFTRERD . 6 HHLFRZIT-A00mV BiZOfEE
R UTe, BWRIRZRIFRISE L1372 o Tl b, IR
RO AREMED B D,

8.6
[ —R30_200mI —R30_800mI ~R30_1400ml -R30_2000ml |
8.4 .
8.2 i ///V/A/‘ Gkt as sy
S e i
8.0 % VY T T
z [l %%
78 || W
! V(arEPANY,
7.6
7.4
72 9 5 10 15 20 25
FBBEH

12 SR ASERTO pH DHERS
(X [HEARZ ) —DpH Z7Y, 0~14 BRGERGL)

300 T T T T T T T T
200 T*J ~R30_200m| ~R30_800m| ~R30_1400ml -R30_2000ml ||
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S 0 1 |
2100 —AY
%200
300 X
400 \%»‘q_;‘z;*::;‘;t,x:ﬁﬁ*—’—-::, et e
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0 5 10 15 20 25

wREM
13 ERERAGER T ORP DHER
(X [FHRARS)—D RP ZRY, 0~14 BEIFEHAILZL)

ZZC, ORP Dfffix 77 AITHERF L7203 HARIER S A
JRA T V=% BN UFET 5 Z & WAREN S D E MR 5,
TR ERRARBROT R TOT =2 W T, 5
PIRAZ U —DBNL G o AR R T ) DR
& ORP ORRERD7 (&-14), 728, SRIOENFEER
TIIAT U VABGRNDSARAT ) —BLORATS
KIS AIRA T ) — D5 Az AE LT
7RN=, LU OETHAE T T,
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100 ———— -
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1) fERBAT HHRBELSARA T ) —hD S 55
AR L. [R) UL 5 2018456 A 7> 2019
2 A ETORAITEIL Tott L= 55 fita
IR OSEEN B HIH T 5,

2) FEERRRIEED AT L L AKIEND S SRA T ) —
W, RIS 20 AL EOBER A2 ORP 2375 A
2722 TND ZEMD, KGR TIEZ DSARA T

U —HR DGR T e & LT,

3) FEBRH OGS EER D SRR IR L 720,

14 755, AfalfdE U7- S Cikii 30°CoS:
TTRBNTI, LS AR R4 72 0 O HIEK R
2% 30m” « kg! - A FREELL ETHIUL, ORP 27T AITK
BT ENHLNE Tz, Thbb, IBRREDR
TEIZL S TEARAT U —DIFSH E R ca b L
Ez b,

4. BRMREERZ FAU V=R SARREREE S R DIRRE
41 B#

AR [2. NEEFHERE R OFARE FERRRD & SR
WROBIHREA ] TIE, BRE - OISR R COFRA)
5. EREREIVNB SN, ROl T, Haks
BIBFARIRH SR E SRR A8 L, IR A
S LTW DI R BT, KisdfI I ~OBEIRY 12
X0, BEKEEE A AE LBl Ok, PR
FHES~ B L EES~DIa DR 2 BIET 272D Th H Z &
Woolz, &I TARETIE, TR ZH LN
BI2h, 7T RN K DR L YT & ORTEIES
TRA& RS 2,

42 Fik

9 (TS Geitia O 27T, il & b, FE
HORRIINAIE T D, FPEEE~ERT D7 T R
I ERESNTEY, BEIRTHILY A ~—Chl# L
T5,

£ FEAREEROME

MEEY || R TR SRR 7Ry
5| MR | BEBmY) [A&FHh-d") R
012~053  13:11~1325
156~2:37  13:27~1352
341~422  1556~16:37
B [/ 251 733 |g25~653  1841~19:08
841~922  1956~20:53
10:40~11:22  22:26~2308
0:08~1:06
1:38~2:36
” 3:07~4:06
1 [/\fafiz| 290 458 4:38~5:06
5:38~6:06
13:52~14:36

FHESRERA ) D OV OB L, A > Z—r L
AT CROEE 102 Loty Lg%, HIR CHER
LCTHBI LT, 72720, HWEA & —r Lk AT T
HOBRENTE 72N 28, H I OTEiIt D% Rkt
Sé L,

T TR T g EOMERRORRE) « A=IEOHEBNX, 7T
7 I —"CEH L 7o i O BRI ORI b BRI
1T-7

iz B COFHAAIL 2018 429 A 4 HTH Y, fak I
TOMERIT 201849 H 2 HTH D,

43 HERBLUVER

Ba-15, 16 (Zhiiax B OVl ORI 27, 7036,
K15 OIEOEWNL, A X — VL h AT TR TE 7
o729 A3 AYJ~9 H 4 A RO LD H DT
oD, BT 12, {hied DRl DIRiAME 35 F
TORFHIFATIT 5, ST OBEIRN A<, TON)
DOFTRIER B LT 2 om 3, B-17 1ORT° 89
(2. TN L CWARIIZIZ T e TR T a5,
WO B L QU e o Tz, JaOmEAMEIE L
TeDIX, PRI B8 LT 1 75 CTh o7z,

&

B-15  fEE% B TOIRIFBFHAERTORS (2018/9/4 12:32)
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a0
P

K16 }Es%B TOERRELEZDIRRE (2018/9/4 12:59)
Joy ON OFF

RoF 10:40 11:22

ON OFF ON  OFF ON OFF

9:07 9:21 10:07 10:21 11:07 11:21

R ON OFF ON
P HE 10:43 11:24 12:58

s

mAL ON  OFF
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HEE | 1010

17 aimirOmEEk B @K (2018/9/4)

BL19 1658 | CORATEIEEDRR (2018/9/2 11:07)
=18, 19 oHE T OIS oRsie . €20 I
VAN B R BIRH IR S 45 £ ORI
F 5 B AR ORI A R, B-20 1R T L 91,
VSRS L TN R 1, LoD B L T

20 RO [ BEHCR (2018/9/2)

IR T, TADIHRAMELE L=, THTaks) s L 7=
FEZICh -T2,

fig% B B LN OWTHLS . JEANGRE L TN D IR
WZI7 T AR T H T O B L T
Wbl Fio, MiEk 1T, VT S L7z
& THDURTAME L LD 2N, Jifigk B Tl R
TAMFELIET S 1 SRl IR R SR8 2 BRsG L T
%, T72bb, ARIOPHE I, FEER RS
FN TR ST DIRFHIFF T SR LU e, 7238,
g% B OFFERRIRAEIT 9 A 4 B 12 KT 33°C, fax I &
FEERERIRIT 9 A 2 B 11 FFC40°CTH -7,

2018 O TIL, TADFE LAZIED A B = X LR
#ix & OBIRITIA SN -T2, A, FHEENT
DVADFFEIRBEA RN T =2 ) T2 HEAER
L. JADORAEFR A SNTT D,

5. £&H

FE S MR EIFRMEFAC X 0 SRS 5 I RE i
BRI, FEERTEE S DR O L TRURHHIZR & O
HREN R D, TOWFITL, BYEZEREE RO
DITHF MR BT =X — 2/ L T H 2 &
WD, ARFFETIL, SRR s E S EZ I BN
T 52 LA AT, NEERERE IR ORI DB
BLOENIFRETo7,

NEEFRERERR OFZIRA RERRIRL & FRRR IR OB
BCIE, BEEUR Y 7RI 3 b RV itk & e b
XD 4 Th o7z, Flo, SARAT V—FAE
E IR B BIRDTZSASRA T U —D/KBRFR4
BHEETCIE, RbRWbER & & bR OHITH 2.5
Tholz, ZOEIIT, MR K> CEEZFEIRE <
Bp D Z EWNAGNE Zpo T, RRR & Ei A &
DOBMRITFHTERD BARD N T, MR & FHEIHE pH DB
FRCIE, FPEREIC & 5 B O AT 52472 V) ORISR
L pH & ORYRAHIN LT, ZORER, HATEEY
720 ORIELKENZNTE pH D@ ERBH LN E
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72o7h, feh pH ASEV ISR C b BROESHIER
L Td % pHi. 8~8.5 O FRMEFITICE EE-TERY
SEREAVRR S,

SN A FA TR 72 5 ARG O A
Tl Ny TR COTRBILARE & 44 TIRFORIERE R
DIROT- AR &I, [FIU TS & THIUX, IRED

WERBRIX COFMMIBrD BN RE N ERHGNE 2D

REZEL T 2 SIXAMImONE, TebbERCE
FITHDZ LRS-, BRI O RAFEEI,
TS BRKZENVSARAT U —TIIREVEE 72D | 1Tk
UWDFRY VRRED KRS D0 TS BAVINSWSASRAT U —
TIhSVEE R L, R OGRS 128V DO
THRBEETHD Z ERP LN ST,

HHEHE AR CI, AR L7 F8EE Ciikii 30°C
DEETITRBNTL, BSR4 7=V DO H
WSS 30m” -+ kg » d T RREEDL B CHIUL ORP 27T A
ITHERFCE A Z LN T o7,

BUtIfiia A PV T hRA072 5 AU PRIEE ST TEDRGE Tl

HANZEBWT, 2 DETOIREER G ClaiRit s 7 v 7
RN L DR ORISR Z A LT, EOfREE,
T a7 R T EETT R TOBESENHE L 7K Th

TR Z &3l

TS HIE B2, EAS@EAEERss
SRR [Pk 9 AREE- S HgEREE R
EEURERES WSS 25254 L., Z2IGELT
B = L ET,

BE30

D fioE—, A, ARERE=  RREE S ARG
R L DU 1. FEBRIEEORIE, AmER Y
BRARSCROEE, 15(3), p.261. 1987

2) K EZh VRS  BRERRAT AN KRBT D
JEss s R OB RRRE— S5 L —. 28 59 [\ PRk
27 D) ARfEEBRFS BRI RS, 2016

3 HEMENEEE A2 B TAENERTRERAIL, SETHR,
2003

4) AiBEEE - SRR . FH S AR - FIFOFE]
% 2004, p.58. 2004

5) BRETABREEE R RGBT A R T A 2 p.22, 2001
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16.3.3 KRIUSEREMhEE0D/KEIREEEFHiE i <RI 2P%
T 2, FEHIPESEIE 7 L— 7 (NI EET— 1)
AT (e )
BFFEHSE - )1 E2E, M ., H P FRHRIE,
R s B, RiLEt,
(EE)

AHEE BRER O RHUEEE T Tl [EEBREHRET) AU WK T S, FEERFERI ) T /K E BB -
G258 8% EET25 2 LISROLNTND, ZD72, AT TIL, SWAT (Soil and Water Assessment Tool){Z &2 27K
BRI L0 KRR O/KEBRRUCE AT RS T 2 2 LA B E LTS, AEEE PRk 30 4FED) 13, it
AR L LT KB OBOKTRR, & kt5 & UK, SWAT |2 X 2 /KT 2 92 L7z,

SEIKEEOBAGRZA Tl /KB O & kiR 7= © O FEEeE i & ORRZTR, @\ O FHBIRRAE S
N Z & RPN DA D Ty MIEFEEO TR & ORIFRMENE 2 HiLd Z L 72 A BN Lic, /KEEHE]
T, BREOBRRIN R e r 2B XORINERSRE LT, KEEEREZB O/ Lo, SWAT 12K 2/KE
FERTCIE, 1) IREE L SS REEDIHNE AL AFEL LR MG Oiiz, L L, HKIRECI]) | Rt i e A6
(A3 DAV H RO U FEN 0030 | THHEOHMEAGS, BOEHIOE A T ¥ 2 — oA F R £ %

FRIZE D LOICFHTAMERH 5,

X—U— R KE ; BE; THIFIA ; SWAT

1. [FL®IZ

BB, JERZ2 b e BomEe R eEa s X 0 #E
SR L7-HU T 0 | 1950 4o B OREIRED K
g7 & DA 7 T B 2 TR T BRI E TERR LC &
7oo BIETIE, EWAERAFERD 5 BAREN HH 5 v
=TI 50%E A, LENZRARL - B OMEE L
TOBENIZ R LD, FHTALRERERIL, AR E
HZE ] U7 KBRS iy & LT Cngd, —J
T, KHEREIZ LD LU, HRSARERO
IKEIGEE O BREEA~OF MRS S I T D, dl
% - BERHIECIX, FEE S ASRD BN R TIC K
V) BSRERER & RN L7 BRI R A R D 2 L &
HEOC, EEBREHEERD AN KNI ST
W5, FETIE, FHESAREERE UEHREIEE (2Z Y
—) ZT DB DRSO, LA A EMSOKE
Bt 7z & OB RIPEK iR O 2 LT\ 5, ZD7
D, [EEBRERAT AN KEEOERC LY . K
BHEYE ORI DB Z UL BREZ LN T
RS, VB CKEBREE A~ D% T BRI
DT ENRDHILTUND,

TSI CAE RS 2 3l Dl & L CE T /U

DENTHY, RFEebD & UCKERBE BT
Ja3H3BA%E L 7= SWAT (Soil and Water Assessment Tool) 733
%o SWAT OFETN/NT A=K LKEDHDTH D=8
AARCOMAFBNI D70, BRI L 7= F45)
& LT, MR EDKEBRRIC -2 DB %M L2 b
DY HETRYE, REREESR, ) > OTHIE & SEHIE
FMAGSELO? R ERETF oD, L, KEER
BRUGETEORHEY —v & U TR S - FBiliEE NI
IEFE LRV,

AW TR, AKEBRERHIEN T Cd 5 SWAT & vz
KBTI LD | KEURESRH O /K EBR UGS A%
BETDHZLEZBME LTS, £ TAREE (K30
HEED) 1, KRR IS T DI OBKHA, SO EE
el SWAT (2 & 2 KT 292kt L 7=, {71l OBRk
A CIE, KBRS & ORI - 5 R A S Nk
T EITEERT L 2 ORMRME AR, AEDE I U,
TN INFEssi 8 L, KB OB BRI 2 5~7-, SWAT (2
K DKEfAT I, B OFIIBE & LT, Wi &
SS R D/KE T 2 I L 7=,
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IR HIIX. & B P I T A ke L T D, il
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2.2.1 FEERRE LI=FKEEOKEEE
KGRI DK AAE T D 72012, KA T
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SIS HOFEE 31 HEE L, YU L 23 OFKHLR
. A3 L SII3 A 6 makE Lz (B-1), A
OEKMEIE, SNAERE LIz FIICERE L, S HITHE
SROBEBERRE U< 722 KO ICEE Lz, oK
HisE, AN EOARWAFTICRE L, K& 72308
AR 2 U E LT, 2017 4R34 A0S 11 A
FTIZ 158, 2018 4F1X 5 AMD 11 HETIZ 14 [FI5EE

(a) EEIES]
TR =y
A AT RSl
~— e T
;’:Jf‘/«‘v)u
/t a2
/?Jf‘mz-\/%;.m-‘\ym
A
e Sl
el L™
= —mn)|
\/EBU§M
J /%’;L%'UH
(T
(b) i
(ki)
 _/MEI
/
bRy asyl| i
B e

X-2 GAIEER - @ #AI. B) ooVl

L7z, Bk LT)ZKIEE 100 mL 7R YR TR BARAIR
RECENITER L, AKESITICHE LTz, KESHEE X
TN A, NOs-N R, NHeNJRE, TPIRETHY | 4y
73 NS \ZHERL L 7=,
2.2.2 THFIA - BROERKROSKE

KRN BT D LRI - B R E GIS
(Geographic Information System) > 7 kT % Arc GIS v
THEN LT, HHIRIRRIR ARG 2R, BKA



MR D2 T FF /NI TH O | PRI 31 il v
2 6 Vil T D, BRI T — & 2 BATE
DHILHA, FEEROFIS & H 72 2/ NS LT 72
O, T —X B> THEK T AV EFRE LELE
EINZ Tz, FIUTE Y | FEOFIEFUA > T/ Ntz
TERk L7z, 7235, TURO/INRIBIE, 2418 0 oD/ Nk
ZNEL TR, Mo/ (EOKTEHE 2T b
O/NiEk) T e R - BRI A SRR LT,

THFIHOREIE & U Ttk i & i R A 45
L7, DRIBRHIER 3/ Nk & S AR L, TR R R
TR 100 m Z{pliE & LTl L, /Nidk = & 12455t
L7=, fAe P, % L ICABI SN TWA 720, 1
FEHONC X 0 /N CHERE LT, RS O L, 5
W T LRSS - 0 Offlf A AR L, £
AUZH 2 D/ N D FHimfg 2 5 U, /it = & s
A R LA E T, FOBE, 2 oo 1 8
1T, SAREEBE L TR 042 BUTHY 5% & LT
B LT,

PERINE KOV 7 o 2~ 1 oo/ INjitdik CEER T L 7=tk
EHIER - SRR - f PO R A &1L R2 1T
A9, PERVIAINNE 7 2~ JHAR) O
60%LA |, JRIEEHISRI 50%LL ECH Y [FIFRECh -T2,
TR ORRRATENE, VR g Y o o =)l
Wik L W o7, VEERE S 72 D OEEATIEIE,
PERI A 0.89 headha, ¥ 7 2~ JIEEAY 091
head/ha TH Y [FFRE TH -7, —H T, FERIIDIII/
TCCIE, R & s P R = & 1T H o T

W3, YT a XY O3 ININR ClE, AR OfE
Th-oT-,
2.2.3 GANIKEE LH#RIAE - ERRROBER
AREECIL, A OBAGRARES: & BEROE R OB
PR~ Tz, BRI O O K EREI LB R b
VERZ 32 7R (HRHHREE L ESY) Th o, ARG
{EAER 252 T CUVRWISAEIRODIREE GEAEIREE & EF
EHEE Uiz, BAEREOHEEICHT 0 | it L LT,
SAPRINEHNZ BRI SIVTNA, BBt Lz
AR RO Ci b s b, & LT,

Cp == (M)

a=Lug-c )

ZIT, GIUIRARE [mg/L), CIddEHEE [mg/L],
a lTHEHER (-] Lup (AR (-] o (3HErRER [
T D, AFIETIL, a lTMEEHERIZ L 0 ED HnD &
L7z DF 0, MBEERISRANE S & ARSI T
{EERZZIT QRN D E A EIR L, FARIREE & PR
FEVIFRREE I 72 %, WAL, RS HIERAME & BSREHE
TERZZITCWAD Z LA ER L, FARESHEREC
FEEMiElc e %, 72, cld 1.0 & Ll e b
HDE LTZH, FEEROHEHHRITH 23 Tlevy, D728,
ECHIN S OFEHIK BRSO OFtHA e &) ZEoK L, B
HI2> 5 DOFAEREEZA D £ 9 ICc BRETDMERH Y |
SBROBERETH 5,

&1 FERNIRNE L VEERIDFHT

KF Pk Al (ha)  PiRIECEHI SR (%) TATBE BT MR (%) 2% 2P BEER (head)
A R 41,602 65 50 36,930
ez 858 61 48 416
R LRI 831 80 65 710
AV 2,787 'y} 42 1,364
R~ 4387 59 50 4230
[=R=3 1 1,179 80 69 1,132
%Il RNV e SO 4,144 74 62 4,870
e SOV 3,718 75 55 4,765
IR 7,668 80 61 6,542
REJI 1,530 83 62 1,509
%R 823 77 72 501
BN 832 63 41 728
5 LB 2,551 70 62 2,712
T2 VO ARYIRNEIUVEELIDET
K% Vo ok i i (ha) IR ECHIE (%) (W ELHIER (%) i 2% 4R UE SR (head)
A YooYl 15,670 62 52 14225
%] TERY TV 2l 3,402 63 56 2,053
ol 2427 69 50 2485




2. 3 BR-EER

PER I idEds KOV 7 & 2 X1 2361 5 3 1)

Tk = & D NOs-N JREE/3 40 2 B3 |2, idtkiifgdni= v
BRI 2 B4 (R, ZAVE COESERT DK
EEREEA T 2AFZE Y128 T, NOs-N JREEAFEIE &
LTRSS TWA T2, AT H NOs-N R A /KE
HHOMRFEE LTHW., NO-N BEIL, fERlIbHko
iR TR . B CE MEAA R DR, Yy
2B E BB CH Y | Nk & oz
DINSInoT-, TIERE DT ) OfF I L, T
BIRROHA Fs TR L R TR MBI A3
Al YU 2 IS TR C/ NI 2 & DFED
EDoTz, LLEDD | NOs-N JREE & s s A
U VNG & ARV VNIRRT EBIRA—B L TR D . 24fH]
FNTx s LB S iz,

INIER 7 & DO NOs-NJREED Rl & Fitdkiriftidh 7= v o
AR IR D EIR AR5 (9, NOs-N PR &
R AEEEROE B L ORMRIZIZIE OFEERMRE S 7= 28
[FIRRE OWK S &> 7= ) O IS ORATH
NO:-N HEHREIIE S >E A bz (B-5(@), (), &
DER & LT, FAED D OHEHIROE WWE 2 515,
Z 20, HEHEREERE L7- NOs-N FAMEEE & fle - Tekk

N

% & P CIHIRIRELAY 0.73 705 0.77 ~EHT
BAREL D, L oI FCIhE MR

NO;-NiRE (mg/L)

B 0.17-041 [ ]1.33-156
I 041-064  []1.56-1.79
[ 0.64-087 [ 1.79-2.02
[]os7-1.10 [ 2.02-225

[ 110-133 [ 2.25-248

K-3 NOs-NEESM

A4 EEREE (head/ha)

I 0.00-0.13 [10.64-0.77
B 0.13-0.26 [70.77-0.90
[ 026-038 [ 0.90-1.03
7038052 [ 1.03-1.15

[Jo0s52-064 MM 1.15-128

FEREOBSRIL, BB NOs-N HEHREE & DR & s M-4 FEEEH-Y OFEFEREEST
4.0 4.0 ,
X x BT
A (a) N (b) +7 x| =Er R
2 = = - Y|
g 20 - il S ’ +R =]
B R=0.73 g R=0.77 ~ findye
il +X id 4 X B LA AV
% 2.0 - % 2.0 " i" XA Ay l|
= B = i &
5 1.0 »e T 10 L o® = — FER)|
S X g S - R
-~ ek 1
e ® ~ EALAUI
00 9 , 0o @ , oI
0.0 05 1.0 15 00 05 1.0 15
sk H 7 ) OFEBEFIEHEE (headha) MEHERESH = Y OEEFFELHE E (head/ha)
2.0 20
(C) (d) o/vaE )|
S —
@15 S5 | )
2 R=0.87 B R=0.87 ) Ol F¥ 17 2~V |
i i
%10 %10 ;} o a ]|
& #
z o o . J
0.5 =05
o]
S A 2
0.0 L L 00 ' L
0.0 0.5 1.0 15 0.0 05 1.0 15

FRE TR & 72 ) O R AEREE E (head/ha)

B-5 NO:-NIRE&FEHEEHT- Y OFELFEHEEDRR - (@) FEAIOHHERE. b BEIIOEERE. ) voia

MHRETE &7 0 OEFFEREE E (head/ha)

AYNOHHRE,. () Yoo~ VIOFRERE



0.87 Tt 27 -7 (-5 (b)), (d)), FRIRDOA)F L
SOND/NFES DT 7 M, IIERMITIZ 96 LT
205, SR, BB, BB AL SEALBI) oo/ INpielsl 3ol
PlERR L 0 B, AR, v 2l R pm
Y N O/ NFHSI T RIERR L O B L, AR OfR
BT E Cho CHIREILED DX NH b, £
DIFERD—>2L LT, EEREREDAD K FZE
DIFERNBE R HiLD, TIRE Th o7/ N, F
HEDFET LRI & BINER RIS S Fh, miRE
TholoNiBIE, FEPRTE T ORMEACEHIX & B
TR & Faivlz, T2 &1, IEERER R O
(2 &2 SARDBEHEETTORMIE L0, KEE Lo tR)
DA LERRODIES I K % B B [ ~OPEHEFR C 31
LA O FTREME AR LT D, TR A HEE L,
B 2T DRI A2 BRI R 5 2 & T
FAKE & HHERIA < BRI O BIRIED R S U703,
KEFEA A « TRDH> AU IEARONT B BRSSP DL A T
ZALIOWTIBE TE TR, HFZEEHCE T
5 WE OENEZA LA E BN H7-DI2iT, P8t
Tat A E 2 TOKERTET VOB TH D,

3. XIExRE LizkE &GSl
3. 1 WXt

AREORIG L LT3N, vwERIINOI)NTH D
ea I EREITHD (B-6), ek LzL oz, er/
JIEREINT, FOkRE 7= O TEos B A FIRRAEE
THHIZHI D BT, KEREOFE LI EN
NN CH DT, KEOXRHIG®RE LT, Er
J )N OFEsERET 1,179 ha, THFHEIAIEER 80%.
TR 14%, O 6% THY | fFEFEEiT 1,132
HCH D, ABIOFHkimfET 1,530 ha, THFIHEIET
B 83%., AR 7%, TOMAH 10%TH Y | fial 58
X 1,509 80 CH B,

T i FIFA

- \\ |:| 4=l
: x BRI 3 = .
\\ ¢ Q @ mamEmEnE = gggzﬂb
\ — RIS H
\f‘\\ § k
PR AN
@y
= d g y o

N B
0 5 10 20km | =

I <

-6 E0/ ISR R

e

F

@

3. 2 HWIRFE

Tz 652 & L= WokBRO/KEFHATIZA 2 [ O8EE T
Fehta L7720, VRO BRI 2+ 3 TR CE 72>
Teo £TT, AETE, KEREOHZA#HRT 52
& IR ONKEIREEZEHA U= B R 2B & N2
L&, KENTET VTEHATSZ &, 2 EE2BIIC
KB A Sk U7, BUNEIHEE 2018 4£9 H 14 H
22512 A 5 HETH Y, LM%, ERITTEDHET 5
&0 B A FE i LR, ENENROIIINC,
H B kas, EgEEt, KOGt aE L (BE-),
HE e L 280KIE, 1 BH7Z0 1 >RV IS
OB RIS 52 Ry bk E Uiz, av Ry y
MEKIT 0 Wi 5B L 2 WRIREIRE <17V, 3 12 AR
KT D, BOKEIX 1 RH720 80mL, 1 H&H7= Y 960 mL
Thd, ZIUTLY | Hi%HOFRIZKERE 2 BoK
THZENARECTH D, BOKLIZalEHL, ZRRIREE
TENITHEM L, KESITICHE LTz, KESHTEB I,
SSREE, T-NJREE, NOs-NJRAE, NO-N JREE, NHA-N =
FE, TPIREETH Y, RTINS IHEIL L7, g
FOERHT, A XL h AT ZNENED KO (CxE
U B S 7= dhimi DB 2 5 E T 2 FETH D
¥, HgAREFHE 10 23R CiGY L TR0 HIKRRT
B DMEEBHIT S Z ENARETH D, ANLaHE, ]
TEPIZRRE L, 10 43THI0E TN 2 difgedlifl] U=, BUAIL
T U & ARNGED B HZKIRg A 2 0D T AR i A 1l L
DM T — & ZFHHE LT,

3. 3 HR-EE
PGB D K DR LA BT 1 oRd, SS i
FEI, KRN 20 mm/d LA EDRERRIZ® S L CHREEEAS

: i IR : :
FE-1 EAMSOREIRNT : (2 BEHKSE. b) Kbz
5 BKE. © A A—NILAATS, (d) HKEOKR



F<72Y 2 ARREET FRET 2833 -1 (a). 723, NOzN = & NHaN BRI IMEOMEA W S 41
SSIREEIL, RRNDS A @ MHAA A B, BRE LTI 7208, DR OIERRORE Th o772, 22T
JITIR L PRODIRREDIE A E 2 DT, ta IO 3B LS U, B A8 LT TN JREEDIRED
JITEARIFERE T, RIS 2\ MRAE TH D DITKT LT I NOsNIRETH D 2 EH3n5, BHEIRICIRT 5
RR)NDWI TR T ARV KL, FIROTAHEREL  NOsNIREDOTVEEIL, i /)12 2.67mg/L, /I
TWDIREETH D, T D78, HKIRFD SSIREIZFAENA 0.96mg/L Th V| F/KIFOBIKFRA R (-5 (a)) & [F
Lo BB, BRI, B r 2 JIOIE D 3@y I 2R LT, E72, HkEr

TN JEEE NOsN JREEORHFZELAR-T () IR, D NOsNREL, b w2 T T D DITK LT, fiE

(a) —twu /)l —zEl

400 o = . 2 0

so | I I ! ]! ! I
" {20 3
S300 | =

2250 | 140 8
= 200 1 60
150 F 1 g0 @
=100 o
@ 50 k /- 100]]1

0 120
(b)

3 0
33 4 20 g
£ 140

- 4 60
W |
=~ 1.00 F
Z | oy
% 100 =
0-00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 120
4.00
i
@ 3.00 F
E W
.@(ZOO 5
i
Z 1.00 '_-’\’-“’\-——\/—\/—F—'\/ el e
o
Z. 0.00 I I L 1 L
S O gl IR I R I N R
S R AP AU A P A SN N N AR S G A

S A N M M. M AR MG MC N

% i v v v W ’19 ,-»Q %Q f\VQ o lah WQ s ,»Q ,.\)Q
(c)

0.30 - ¥ 0
| I | | | | T | | | -
—~ 0.25 20 ©
5 2
\E/DO.ZO 4 40 E
015 4 60
i
ﬁo.m . 180 %
x F I o
D) 005 F /— 100 =
0.00 L 120
x \x S & &
R 0 S . .
U G UG O M P R S\ S A AN )
NMEEPOCN N SN N PSRN\ SN N NN
L S A O M ST S I

B-7 KEDEFEL : (@SSEE. O TNRESIUNNRE. ©T-PRE

_6_



JITCIE BRI DDA DI, E RSN Uiz
R O—> L LTHIBIROE N EZ DD, Br )
JINEFITAAR IR < | B EANEASUI =8, HIZKEE
VIR EFE AR £ 0 el 2 & TR
CIREME T LB 2 b, —J7 CRE) itk
IR -TEY . R 7e < FEERHIC L - T=
TR T D12 OREN ER L= &2 55, £
DIUZ | WREENAEUER E LT, FEORmRM
DN NN O S ZE X OO E BRSO FE OB AT
RN, HUEEEHIC K 2R 78 EANAIKEIC 52 2 5
BrrlbEZ LN,

TPIREIL SSIEDOEH & L XHRL T DBE-T(0) o
ZOHER E LT, POS DR L TRt LT
LT EMEZ OIS, SSIRELFERRC, Br /Il X AR
JIDIZE S 73 TP IREED @\ MEANZ S D,

PLEERD | KEREORIRZ 6D B3 INR DK E
FEEA B DN Uz, [RIFRE ORI IC b H
OO TIREENE UT-ERICOWTHALMNNZT H7-9012
VX, NN D FEEDE SRR E S & DIAETRONT
EBROERETARDMLERDH D, T DN HRE
SWAT 7 /UKL S Z ENSROETH D,

4. SWAT Ik BKEEf#HT
4. 1 WEXHH

ARETIL, SWAT (2 K DKEffhT 4 Feh Uiz, wHbE
BaX, MEET—# & 72 5 EES BRI > T s 2 &
ORI E L7z (B-8), SWAT Tld, =B/
I T LR R AT A T ENFHRETH Y | TKEE
OEKERR S —Ed 2 X ) Iiiika E Lz, Lo
| VA ANV A = SR T AT /YA NS AV A o/ 7% 1
BT 5 2 LR TE e oTe, ZD72, TR E
28 /NI A B LT, BT UCATTT 27 —21%, HE
T2, THRINT—% HEET—4% . 58T —4# T
V| T, BRI, E SR BT
R, KEYT LV AF LT, K&T —H 1L, ekl B

-8 SWAT @Rt (FE5I)IIGREL)

DRGITT A X BT G, o1, R=) KK
B ORUR, FHRREEE, BUH, HRR 2 AT Lo, 7ekH

FHEE, BUEAELE L7Rd - 7o 728 A FREFRI N 5 2R
AR B EEEHEE T 555 & VTR LT,
ETVOBGRET — 2%, AGHREDEHH L TS sl AR
JNOESAEGHRD BitET —4% L AKET—4 (SS JREE,

T-NRE, T-P#RE) ZAFL,

4. 2 SWAT O#I=

SWAT 1&, KIERBAEEMTERIC L > ThiF s
WRIHET LV TH Y | MR 7 e A€ LT
0%, SWAT %, FHITIWTHIE, K4, T T
FIF, EREEE WS BRI L) EEZIT DK - W
BEEZ FIRATR D Z &N TE D, H 7R FEEEORERD
FHILD T &R 2 rlRE L 975 GIS A 7 —
7 A ARV T Y 7 MENEE TR S h TS 2 L
O, HREHICEA STV,

SWAT %, HRU (Hydrological Response Unit) & I
NS, EHFRE . HEORE, HE AR DM~
FIZ Lo T EENT= 7Y v FOEEIKIC L - T
Fhli a2 LTV D, £hEio HRU PSRN T, KUY
X BN L0 iR, DT, SR AmTEN
FHA S AL, NS CAR R S AVt TRESCH, BTk A i
v | VA~ RS S D, T EOFFIL, £
HEHOFHELZ SCS-Curve Number {5, ZRFEHUEOFHEIC
Penman-Monteith 1%, ZEEDFHEIZ Green Ampt 15,
JiRBEOFRIC Kinematic Wave 1%, AREGBIROFHEIC
Muskingum River Routing 5%/ L C\%, SCS-Curve
Number VAT, KEEGE HERSHIZ L > THR Iz
EHMOBKE L RHET — 2 0635 -RRTH
%, Curve Number (IHkii#EE5CToH v . THIFIHT
BEDIZERe. R OPEESR 2 & OFIRORHE A 33
TA=BThb, ZDI=H, iz THFIH o2 1
T THIRHEEZHEET 2 2 ENFRETH Y . EREDD
TRUNFIBEORR & 73 TR A ROl CovHR-TI A
Schsn”, —HT, TWIRHEDFRIL, Modified
Universal Soil Loss Equation (MUSLE)E2SERH &AL, i
HELE— 7 i EOREEUR &L TERILS D, EHEB
KO OFRFEHTIRHIE, R & ORFEOBRAL X
O TN OIREZ b7 & O EEBRIC LV B S, &
RSP M O AR K 0 FitSE TN 5, A&
WFFETIL. SWAT DFEFNRT A—ZDIRES, )1
HEIZBEIT 237 A =4 LRI 2 /37 2 —
B REARTRICEET 5 /37 A= DIRICET %,



4. 3 BR-EE

ARECIL, PERI)IFEENC SWAT 2/ L=, €710
IR, FFEEE AT LHIRTH D 1998 £
2013 4D 14 FHITHY | TT /3T A —H ORIEHIH]
Z 1998 4E3 5 2003 42 & L MREiEIE A 2004 42225 2013
b U, 7oA L, )i & Tabie 2B
fZT DT NRT A—FDREERT LTz, /3T A—H
O biX, SWAT I 5-SN TS EEIF Y Y 7 L—
g UREHE T D SWAT CUP & VT, #0IR LEHRIC
KV RT A—=2 DEESHTE LT, FEIEIZE D K o1
FITEND,

IR L SS #EED SWAT £ /L ORIk R4 (K-
DR, IR T, SR & G Z e 2 &
IKEE IR LN 2 FFEL U 7RG SRS D=8, HIKEE
VDI IMEE T DA A DAz, FRT, BEEEISE ME
ET HMAATRS | FHE - EICEAT 53T A—2 & H
Et o BN B D, FTo, RIGHUTAINHAERHTE DS

WCEE ) B DR R L O RO H IS %2
M ESED 2 ENEHOPETHD, £, SSIREDE
BHEIXAREINCEOK LB E DT — 2 Th 5729,
SWAT 23atRid % B E Bie D, ZDi=, 514iE
SWAT % 3 11/Nsieak (e 211, 881D (2 L, 31T
BIAILTZ SS IREEC LV ET WG A= ERIETH T
ETHD,

5. ¥F&£&

ABFFETIL, ACHREHER O RIS A 52 & L
T, SWAT % W ARERTIZ L 0 . KEBRBISGETFE
PRETHZERHME Lz, AEENL, 1) KO
JIKE & HHFH - B RO E DBHRZ BN L, 2)
TINZIBT B K EE B HRClIK BB RHE A B S N
L. 3) SWAT O/KEMMNTCIiE, #IHIERE L Uik
SS WEICB L CETAEEM LT A—F ORIEELT
ofc, FEZREFIILITICE EDHbiLD,

HONAHIRTH Y . FEHOMGRNET L THELS 1) ZEERSOTRSTH S NOs-N HEHERE b itk
WTORWATREM 3 5, SS TREE I, FEHME & FHE b4 HEH T 0 B IR & OB & T~ FE R,
g5 & SRR ISR A B L 7245035 H i, IEOBIRWRI G DT, Fio, BRSO DS
H7KBRIFERE D A — 2 — 2t 2 STV D 0, {HVER OB R M 572D, JE -3 FH oo FH
USRI HE D~ T2, FOERE LT, FKiEFeHOEEHN R I CTHEHREE ) B R AR E D W AT,
HEINTQORWZ EREZ B, BB ry RIS S 72 » OB ATERUEE L OBHRZ TR~
2 — /LB E FIRICE D KO ICRKBTHILERD VAR o575 i N1 ol Oy BB (NI AR BT AN AWAYAN
%, SWAT Tk, WA BZHET IV TET ARG D FOEMFAE L, PRBEl 3T, FEOFEMIZ L
728, BN ER EOIEHREFANT T A —2 2Rt L., D AR ZHE L WD RREMEI VR E T,
(a) e
100 0
“ 80 | S
- {1 100 é
] i ;
gz Y0 : : 200 UH
= 2 | ! ' =
E g B | L_ : ) }...‘ &
0 1 1 1 1 1 1 1 1 1 1 1 300
Jan. Jul. Jan. Jul. Jan. Jul. Jan. Jul. Jan. Jul. Jan. Jul.
1998 1599 2000 2001 2002 2003
(b) | o =jifE — FEM
%; 300 °
E 200
b
@ 100 .
wn . )
w 0 b0 O ‘_- B £ ~ O il X - [ L
Jan. Jul. Jan. Jul. Jan. Jul. Jan. Jul. Jan. Jul. Jan. Jul.
1928 1999 2000 2001 2002 2003

-9 SWAT ET/LOERFER : (@) RAIRE. (b)SSIRE

_8_



2)

3)

b /I ERE)ID SS IREE L TP IREET, HIKRES
BENEL 720 RRIIDIZH 2N, REEE < 72 DIH
MR BIL, ZOER & U TRJIIFARIZ K AR D
THROHEREORIEDE V3 E X Hivie, — T, bR
I EREN D TN IREITZENRE < | ZORELIN
NOsN BETHD Z E03bn-7z, NOsN I
ZEDVE UTZBER & LT, FEORHRIRILDEN )N
I D SE X O & BRSO E DA HI72%)
B, HFEESHIC L D207 ENAIIKEIZ G- 2 D5
BNEZOND, Fo, HUKRFOPREEZABNE )3
AECT-EERE LT, IR R D720, Wity
PRZEVPE T E B2 Hivd, S5%IE /NN
DHEFEDFERIRIROE 7 & OFAEPR DAL E RIS
DIERETRDMENS Y | Z 6 O Hz SWAT
BT IS Z EFRETH 5,

SWAT |Z X 2 WieHIfHT ORESRE, FrKRE A
ZEL L7208, KRR MEE S A 32 B i
720 PRSI ZOMRMTELS A D, FOFER
& LT, MG A S RS 3 7 D 0 5 il ©
bV BEHONDTRET LV THEBLE T 20N
AREMEMNE 2 DIz, F7o SS IREEIL, PKREIEE
T 2 BB U 7 SRS S, KRS a4

—Z— TR Z DILVTV DA, FERER >
7o TOHERE LT, REVEHOZEENFELI4LT
WRNWZ ENEZ B, BEMOEREA TV 2—v
RAEBRIAE FERIZH S L OICERBT H0ERH
N

SEH

1) EHIR, —Ak « (R R O MU ZHS ATk
BOTHR - 2.8WAT |2 K D) KB TRNEOM &) |
AATHIEI 2RI R4, b4, p.264, 2007

2) Chunying WANG : [SWAT &5/ L 5 LS BB oot
IR 31T 2K, b, FaF ), AbfmE RS
s, 2014

3) BEMOKPERd IS « TBREEIR AL BT LV EPE], p20, 1997

4) EATH & HEIRLE BRI DR L) I DK EESR
T & OBR— SPERIROSEAIRIC I 2 2RI BT
e (IV) —. B¥ETARTSFSUE, 189, ppd5-50. 1997

5) ENZRFFEBHFRSIE N AATREAITUK TAFSE S —T KT — A
TR OEE L~ = = 7 /L (ki RBUENR) Verl 2, 2016

6) ITHEMIE fes : VKBREROREYE) . 1994

7) WEAKER, ANEFEE - ZMEEITR CORAERIR I T
TRIGEBDORAE, HKFHES, 73, pp235-254. 2012



