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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
KAWAGUCHI Kiyomi

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

Conservation, Irrigation and Drainage Facilities )

Abstract : The tight balance between global supply and demand of food is expected to continue. In Japan,
there is concern over a decline in food supply capability resulted from decrease in and aging of core-farmers.
In Hokkaido, a major food-producing region of Japan, there is a need for the development of agricultural
infrastructure and of conservation and management technologies that suit the local conditions, such as a
large-scale farming and a cold, snowy climate. Each objective, and major findings of the surveys conducted in
fiscal year 2020 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

To establish items and criteria for soil diagnosis, which is conducted prior to a civil engineering work for a large field to
prevent deterioration of the soil’s physical properties, five large new fields were added to a national project area and the
physical properties of surface soil (0 to 15 cm) with high clay content were studied before and after earthworks. The focus of
the study was saturated hydraulic conductivity as an index to ensure that physical soil properties in fields. The results
suggested that it is preferable to conduct works after drying the soil to satisfy an index value of pF 2.7 to 3.0 or higher. It was
also found that the bearing capacity of ground that corresponds to the pF value was 0.8 to 0.9 MPa.

To understand variation in water supply and drainage in large converted fields and the factors that cause the variation,
and to determine the field conditions that allow for underground irrigation, the effectiveness of subsoil breaking with rice
husk filler was investigated in the wheat field in Area I, which has a hard tillage layer directly under the soil and uneven water
supply and drainage. As a result, water was supplied to the surface ground through buried filter material, and the soil water
content increased at the time of underground irrigation in the section where material-fed subsoil had been broken up, while
the groundwater level did not increase between culverts in the section without material-fed subsoil breaking.

With the development of large paddy fields and groundwater control systems underway, research on water management
techniques and water balance has been conducted in direct-seeded fields. In FY 2020, water management and water balance
were studied in fields where transplanting and direct seeding on dry paddies had been conducted before and after
consolidation in an area where pipelines had been established for terminal irrigation canals, as a continuation of the previous
year’s study. As a result, the total water supply volume was larger in the consolidated dry paddy field where direct seeding
was conducted. It was thought to be due to the difference in the amount of percolation of the field, implementation of
re-filling at the time of forced drainage of ponded water, and the generation of surface runoff due to the change in water

management operation time.

Objective (2) : The development of technologies for the maintenance and renewal of agricultural
irrigation facilities considering changes in farming and climate

In FY 2020, “Development of repair and reinforcement methods for agricultural irrigation facilities in cold, snowy areas,

and a method to evaluate them” was implemented. Freezing and thawing action was applied to inorganic surface covering

material used for repair/reinforcement, and an accelerated wear test was then conducted. As a result, it was confirmed that

freezing and thawing action caused scaling and accelerated the deterioration of abrasion resistance by accumulating cracks.
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Ultra-durable Technology for Mortar Coverage and Restoration that is highly resistant to combined deterioration was also
developed and a monitoring study was conducted to evaluate the durability. A freeze-thaw test of a local concrete flume
channel to which the cross-section repair/surface coating material was applied on a trial basis resulted in more than 1,500
freezing and thawing cycles, indicating excellent freeze-thaw resistance and a service life that far exceeds the planned life.

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. (*Completed in FY2018; cited from the article from FY2018)

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

In FY 2020, water balance and quality (drainage) research in farm areas and on field levels continued from the previous
year in a consolidated area where pipelines had been established for terminal irrigation canals. A new study of water balance
and quality (drainage) was conducted in the same field to compare the results before and after consolidation in a national
project area where terminal irrigation canals still remained open canals, even after the consolidation of expanded fields. It was
assumed that water balance and quality concentration in the farm area with pipelines would differ greatly from those in an
area with open canals because almost no water is generated for water distribution control. It is necessary to analyze the
influence based on regional farm management and water management conditions and evaluate the environment conservation
function of agricultural irrigation water.

The purpose of this research is to establish techniques for the efficient operation and management of manure irrigation
facilities where livestock manure is matured by aerobic fermentation. Indoor tests and field tests at a slurry irrigation facility
were conducted to identify an efficient operation and management method for the maturation of animal manure using aerobic
fermentation.In the process of identifying efficient manure adjustment conditions using an indoor test device, the conditions
for the odor index to be smaller than the offensive odor regulation value (odor index: 20) were determined. The results
indicated that continuous aeration of 6 hr/day at 3 L/min using manure slurry of dairy cattle adjusted to 4% in total solid
content (TS) was an efficient manure adjustment condition.In the verification of an efficient manure adjustment method using
local facilities, seasonal liquid temperature changes were observed.After changing to 7-hour continuous aeration in winter
when the outside temperature dropped, it was confirmed that the liquid temperature in the adjustment tank could be
maintained at 20°C or higher even in mid-winter. The temperature that microbes (mesophilic bacteria) need to be active is
considered to be 15 to 40°C, and continuous aeration for 7 to 8 hours a day was considered necessary to control a drop in the
liquid temperature of the adjustment tank in winter to maintain microbic activity.

In a large-scale dairy farming area in eastern Hokkaido, a national environmentally-friendly irrigation and drainage
project has been implemented, and there is a need to quantify the impact of the project on the water quality environment in
the basin. To this end, analysis on water quality has been conducted using the Soil and Water Assessment Tool (SWAT) to
propose a method for improving water quality in large-scale dairy farming areas. The influence of progress of the project on
river water quality was evaluated through simulations using SWAT. As a result of comparison between the pre-project and
current (during the project) conditions, it was found that the types and timing of fertilizer application changed with the
establishment of a slurry irrigation facility and the progress of transfer from pasture to corn for feed, resulting in a change in

runoff components and a general decrease in the flow load of total nitrogen in the lower reaches of the tributaries.

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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T a XY ORI, FREOE ChH -7,
2.2.3 FIKEELHFIA - ERIKROER
AREETIL, IOBIKFIARESE & B RO BRI OB
PR~ Tz, B O/ BV KB IR B X E AR b
VERZ ST TR (BEHHIREE L B Th o7, BIRG
TRV &S0 QR AETROIREE GRARIREE & EH%
ZR(DQ) L W HEE Uiz, BAEREOHEEIZHIZ 0 | Al
L LT, SARDPEMICEEETT SN TS, Bl
D LI- Aot e b s n s, & Lz,

Cp = M

F1 FERNIRNS L VEER DT

K% Pk i FE (ha)  PiEdEHIE (%) (ATRE S HE (%) FLAH A4-8E 2K (head)

AN AR 41,602 65 50 36,930
Esan:illl 858 61 48 416

AR LRI 831 80 65 710
DAV 2,787 42 42 1,364
R~ 4,387 59 50 4,230
==yl 1,179 80 69 1,132

T Rod x| 4,144 74 62 4,870
N S| 3,718 75 55 4,765
SR 7,668 80 61 6,542
R 823 77 72 501
&)1 832 63 41 728
5B 2,551 70 62 2,712

£2 VL ARYIIRINBLUVFEX)IDEET

KFR P FE (ha) W ELHIER (%)  JTBERCHISR (%) L 4-8E%K (head)

A XYooVl 15,670 62 52 14,225
ol i e Ay AV 3,402 63 56 2,053
il 2,427 69 58 2,485
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a=Lug-c #)
ZIZTC, GIIRARE [mgll, CI3PEHEE [mgll,
a \ TR (] Lug \3nIERCHR (] o 13iiERRs [-]
T D, AFFETIL, a ITEEHERIC LV EDBND &
L7z, DF D {AEEHIER E O & RIREARSOIE I C D
{EERZSZT TN D E A ERR L, RAEREE & PR
FEVIRIRREEIC 725, 3ALT, TAIREECHIR )M & AR b
TEHZZITTWAD Z A ER L, FAREISHEREC
FEEWMEIZ 72 D, F72, cld 1.0 & LN & b
HO L LTend, FEEOPEHERITH BT, 20720,
ELHIN D OFRHIAK HFR S ORI &) 28k L, &
2> OFAEREEZA D KD BRET DHERH Y |
SBROBETNETH D,
2. 3 BR-ER

FERI TS KOV 7 o 2~ it 38 1) D 8Kk
Z & D NOs-N B i 2 B-3 |2, FliEifa 7= 0 Ofia
A A A B4 W R, 2V E CORS RSO KB ER
BeA AT DAV 124880 T, NOs-N JEEDMRIEE LT
FIHEN T D72, AIFFETH NOs-N IREZ/KEHH
ORFEE LTHZ, NOsN JREET, aBl) ko dis
R TE L BRCIR MBS A D, Y2

TR A O < L BRI TR ME A AR S 2.,
Yoo 2l X RREE ORI T & DD N E D
STz, LB, NOs-N JREE & HUHASEEE D my R

oy NO,-Nik ¥ (mg/L)

B 0.17-0.41 []1.33-1.56
B 041-064  []1.56-1.79
[ 0.64-0.87 B 1.79-2.02
[1087-1.10 I 2.02-2.25

[ 1.10-1.33 [ 2.25-2.48

N
W4

.S4
0 5
N

X-3 NO-NEESH

FLH FEECE L (head/ha)

I 0.00-0.13 [10.64-0.77
[ 0.13-0.26 [10.77-0.90
[ 0.26-038 [ 0.90-1.03
[]038-052 [ 1.03-1.15

[]052-064 [ 1.15-1.28

S
VNI RN ARRE TH Y | AT L DDV 0 s
- Rt = = SEFL R A | . - _
SI)olz, PRS- D OFLHASREE R, vER) E-4 SESEEH- Y QI BEESEEST
4.0 4.0 .
X X LA
~ (a) N (b) +Txx | =R
= ) - - - LRVl
3.0 3.0 + g
£ R=0.73 E R=0.77 i
i x s 4 XA A F A
10 - Xy £ 20 ," XA Y|
:E ,/’ =+ x ‘. %V\]JII
# \ B ® . fE)1l
%10 »e % 10 oo % sl
S L 4 S - el
el .~ WAL
0o 0% , oo o)
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
TR 2 72 ) DI RIS (headtha) VTR 72 Y OFLIA FIEEE (head/ha)
2.0 2.0
R (c) (d) Qg 1|
- ~
@15t 215 5 o
= R=0.87 E R=0.87 , O FY Y2Vl
! B
£10 %10 ;p oYY oyl
: Z /
& 0.5 , & 0.5
Z /s Z
0.0 + . 0.0 L L
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5

WAk RL &> 72 » OFL IR (head/ha)

IR D 72 YV OFLH IS % (head/ha)

5 NO»N L isiE T Y DI EAEEONR : (o) BERIOHEEE. O FEIIORERE. © voda
RNIDHERE, © ¥~V ORERE
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Ak & ARV RIS O AHEBIRA—E L T D . 2=
s L7 BRRAMS v,

FKIE T & D NOs-NIREDFEE & ks 7= ) O
FUHAFSE R OBMR 2 R-5 (v, AR ek <,
NOs-N HEHIREE & FUHAFBEEE R & OBIRICITIEDHER
BURDMS DA, [FIREE OB H 7= 0 OFLA4-EE
B DOSETH, NO-N HEHREIZIX S D& N b1
72 (®-5(@)), TOERNE LT, BAEFENDOPEHRDE
VB X BILD, £ IC, HEHERAZZE L7 NOs-N R4
TR & U AP FEE OB, AN oD NOs-N HEHIREE
L DOBR & LS 2 & PRI s CIIARBIRES 0.73
6 077 MENTHLREL 2o (B-5(@), b)), —
HTy YooY JIFHCIE, NOs-N JEHIE & LA
FEREURFE L OBIRICIZIEOFRIBIRG B, HEHIR
BE & ARSI FHBILREDY 087 Th - 72 (B-
5(c), (d)). PERIIRIE T, FIRDOA) 13 LOSI DL
AEDO7T 7y NI, ERIEAMHEIZ M L0208, &
PN BRI, B8 —paR 1 YA AU T DB T Bl EGHR &
D RERIS, AT B a2l R e 0
AT IERR &L 0 oA U, AR OFLHAEEL
BETH> THIREIIES XN LN, TDFEKRD
—D & LT, [EHEBREREID A K EED ERER
WNE z B, MRECHT-EKTNE, FEOET
U 7RI & BRI HIXIC B F ., miRE Ch o7z
KA, FEEDIRITE T ORI LXK & BIMErE X
WCEENTL, ZOT &1L, ERFEM R ORI L 5 5
AUPRDJEHBETCOME IEA R0, KBS A7 A LAk
DFEHIT L 2 FiH)» HI]) I ~OPEH R 31T 2 A
FIDOFREMEA R LTS, FAEREAHEE L, AfTad
I~ 2 IRTREARSCHE I 2 TE RN C 5 2 & T ATk
BRI - B RROBMRIEA R STy, KB
bt « RS AU LERRONLE R R E O LA T =K 2
IZOWTIBETE TVRY, HTZEEHZUCE Y W)
BOBREEb A ERINCET T 57-012iE, pETrnt

O[] e It
NI [ s
I Atk - s

@ AR — R
B )1 R O

-6 E0/ ISR R

A% E 2 TRKERTET LV OBHINLETH D,

3. XIFHEIH T 5H)IKERRDERE
3. 1 BRxSM

AREORG L LTSN, PRSI TH 5
v 2 JIIERETHL (B-6), kL= Loic, er/
JIERE)INE, etkimfgdh 7= © ORI e DS R R
THDHTH DO HT, KEREDFEEEIZ AN T 5
NIINHR CTH DT, REOXMZHIGRE LT, B
J N OFssmfg: 1,179 ha, HHFFHEIS X5 80%.
Fobk 14%., ZOMAH 6% TH Y . HAFIEIE 1,132
FATH D, REOPUREMIT 1,630 ha, THHIFIHEIGIX
Bl 83%. AR 7%, Z O 10% TH Y, LA
3 1,509 BHTH 5,
3. 2 WAIRFE

Tt kR & LT KOS A 2 [BIOsEE C
Fehts L7720, WO KERAE 2+ 3 TR C & 720
Too £IC, AETHE, KEREOAZE#RT5 2
& NTERONKE RSV U T BRI & B SN2
L2 b, KErET WTEATEZ &, 2EZBMIC
KEDERHBEN A S L7z, BIHHIMIE 2018 42 9 AN 6
2019 F 11 HETTHY, AME, KENTHED AT
% Z L Dl & FEE LTV R, 2o
(2. BEEOKE, mgAREEE, AKAEHERE L (BR
1), BEROKERICE280KIE, 1 BH720 1 ARDR VK
ORI AT 5 a0 Ry MKk E L, 3
RV MK 0 BED S B4 L 2 REIRIRE G TV, F 12
[T %, BoKEIL 1 [EH7-0 80mL, 1 HH7=Y 960
mL Th2, ZIUTLY, Mi%H ORI KE R e
BoKT 52 EARECH D, Bk LIilBHL, B

BE-1 SAMSRORENR - (a) BEKE. b) KL
Bt BKIE. © A B—LAAS, (d) HKEDKR
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RRETEPNITIEM L. AREOITICHE LT, ARESHEE
IE. SSIREE, T-NIJREE, NOs-NRE, NO»-N A, NHy-
NRE, TPIRETHY | S AT IS ICHEILL7-,
BAPEHEFH T, A =SV AT EFENE D L DI
RRIE L i SV B ) S BREGE A FH RS A AT
H25 Y, Wi T 10 SRR TRE L TR0, Hik
RHZRT DI EE BT 5 2 L NATRETH D, AKOLRHT,
TREPIZERE L, 10 o fEIRRE TN 2 i foe il L 7=, &5

U 72 iid & AROEA > 6 HZKIREZ 5 D T RN s iR A ERk
L. IpREOEe T — & &5 1R LT,
3. 3 BR-EE

BAGREN DK E IR E ORI L2 BT W™ T,

SS AT, HEE/KEDS 20 mm/d LA EORERRISH G L
TRENEL 2D, 2 BRE TS 28N A L
(B-7), Fl=, —HOHKEZERE, BEIDIE D MR
(BB A DAL, FR & L) LR ORAE

| w— okt ——tw ) — gl |

o

Precipitation
(mm/d)
(94 (3]
S G

~
(%]
1

100

I A A 1 ”“|'

M T ‘|’| HIH[ ‘n T ww ™ '|"| ||||’ ‘| I

9/1 12/1 3/1 6/1
<«— 2018 —»+— 2019

9/1

12/1 3/1 6/1 9/1 12/1

600

> 2020 >

400 A

(mg/L)

200 A

SS concentration

5.0

4.0 A
3.0 -
2.0 A
1.0 4
0.0

(mg/L)

T-N concentration

4.0

3.0 -

2.0 A

1.0 4

NO;-N concentration
(mg/L)

0.0 T

1.0
0.8 A
0.6 A
04 A
02 A

0.0 -
9/1

(mg/L)

T-P concentration

12/1 3/1 6/1

9/1

12/1 3/1 6/1 9/1 12/1

<+« 2018 —»¢——— 2019

v

> 2020

-7 BRI HFBKEDREEL
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DIEVDRIEZ B, b a2 )IOW)FERIZERR T, 7]
PRITHEASZE\ VIRRE T 2 DI LT, R85 1 TR
PEATAAR D IR L REROD LS SHERE L TV DIRRECTH B,
FDT=8 KD SSIREIZENAE U L& 2 b,

TN B & NOsN REORIFE LA R-T I~ T, 72
. NO«N R & NHeN JREIMEDOE S it Sz
D3, SHTHEERORIERALL FORE CTho7l=d, 22
TIIBLEN O LTz, B A8 LT TN REOKR
HONENOsN R TH D Z Eovbind, BHIEIRI R
% NOs-N REOVEE L, & r /)78 2.87mg/L, fE)l|
2 1.31mg/L TH Y | FKRFOBOKIIARE TR (-5 () &
RIS, B 2 )IDIE D B MEm &2~ LTz, F7-, HK
IRFD NOs N R, a2 )T 32012 LT,
REJICIE EAT AN AR DT, ZOWREEENET
T2BERO—> & L TREBIBIRODE DB 2 bitd, bR
J )INTFITAARD AR < . Fl EEAST 2D, HIK
R R e SRR L 0 & El3 5 2 & THI
ACREME T LIZEB 2 bhb, — CREINTIEIE
PRBIED-TERY . FmieHavb e  EERHIIZ L - T
ERBAVIHET DIZOREN EH LIz LB Hivd,
ZOMIZ S, BEEEAENE UER E LT, FEOR IR
PLOTE S NN O S ZEHIX OO E BRSO FHEOE S
HI7RE0, HUEEHIC K D207 AN IIKEIC -2 5
HEREBEZ DILD,

TP SSIEEOEE) & XL Tnd ([&-1),
ZOFERE LT, VAR LRt LT
HZEMEZ NS, SSIRELFERRZ, Br /Il LDAE
JIDIEH 23 TP REED SV MEAIZ 8 2,

PLEER D KEREORIRZ D B3N INIR DK E
FREA OGN LT, [FIREE OISR IS S 23
PO PREZENE U ERICOWTHBNTT 57201
X, NN D FEED E SRR H S & DIAETRONT
EBROEREFARDVLERDH D, T DO HRE
SWAT E7 /WIS Z ERFRETH B,

4. SWAT IZ &k B/KETREMT
4. 1 WIEXZRH

ARETIL, SWAT (2 K DKEfgHT 4 F2h Uiz, DT
B, BEET—& & biim s KE T — X OFERNENE
B> T D Z & BRI itk & L7z (B-8) , SWAT
ZPERIA N O HFRIALE T 2 RARAEHLR OS2 TR/
TSR Ui, KET — 2 SR ERICEK LT
IRHIED T — 4 Tl o 1o I ORI RN o T, £ 2T,
PRSI ND e a2 I BB OBEHAHLR ST/ N
WU Uiz, em 2 JIEREINE, et & LU AE

] v

& ;786
- @ =7 VBEEMS (RE)I)
B 10

& (m)

-8 SWAT @Rt (FE%I)II5RIEL)

BRI T o D03, ) IIKERIAN B e 2 el C©
b, SWAT 7 /VOEMBIIL 5 3 EOKEEHL
W% S0 LT SIS A0, 2018 4R & 2020 4F0D 3 4
& Lz, SWAT 7 LDANMETHDH5ET — X1,
REGITT A X 28T GlE, B, R KK
B ORUR, FERREEE, BUH, HRR 2 AF Lo, 7eksH
ST, BHEAMEE Lo 727230 R H 2R
A 80> BB A E S 2 SR 2 I TR L 72,
4. 2 WIRFE

4.2.1 SWAT DifEE

SWAT I%, KERBERENRIC L - THFE Sz
WESAMANRIHET LV TH Y . W7 a e ZET /LT
HbH, SWAT 1L, Fkick W CRg:, i, 1 1
FIH, EREEHE VST ERICI Y EELZIT LK - W
BEREA R D Z LW TE D, 7 EOR RN
oD Z LRI A FTRE L T75 GIS A v & —
T oA AN T 7 NN EE TS TS T e
5, AL CEA SN TN D,

SWAT O A7 —#1%, K[&G7 —4 . ZEfiliT —4
Th b, [GT — 213K E, B, HRIREE,
FERREEE, JEOH, HHRRFHECd D H BALOEZ AT 5,
Fio, HEREREOFRKEGUED K ZAHHTT 5720,
RGNS T LA L ORES R HE R T — 2 _— R b
LCATIT %, AWIFETIL, SBHAIFTIC ST D182 20 4F
ORGSR HMEA SR Ule, 22T — 213, HigT
—Z, tHRIHT =% 1T — 2 Th D, KT —
213, XGRS D AT LTz, SWAT Tk, #ifz7r—
HSTHIRAREVERR L, HE ISR A v h 7 —4 ZiiE
T 52 & TERED/NRIZAETH Z LN TE D, A4F
TTIIRA v b —# & L OKEBRIMSE A2 A9 52
&C, FERIINEEA 31 O/ EI LT, HHERIE T
—2%, EEEERE DAF L, THFIHER T L
SWAT DT —H =& D% % T HIFIFH A58
Do LSUEHNE, “H” & “ZOMoZHM o fE
THY ., POEHRETEH IS TORN 2D,
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SEHIPN O T ETIRER O - HF IR OR%E Tk 4
%o THEET 2, EAT EHUR L SRR A
ATFL, HERET L2 SWAT OF — & _—R(ZdH Hi%
95 HEREEAIERT S, LorL, T4 N—AIThR
AR, TR KGRI, RIS & A E O STHER
P LHA RGO R AE TR T —# BB T
\ZRRET D, R — 2%, M7 — & DR A R
L. fEEOEOIE T 5,

SWAT |+ HRU (Hydrological Response Unit) & FFE
A, FHFEH, 1 ERIOMAA DT L > Tili<
SFHEENTZTY) v ROEAIRIC L > Ttz RBLL T
B, EAEID HRU PIZHW T, ZKINEE « BB &
O Ve, TR R, SRR ARG S AL, /N
CHEFF ST, AR, Bk A @ Y | S~
HENFHR SIS, HEOFRIL, Rk oOFREIC
SCS-Curve Number i, Z&FEHUEDFHHLIZ Penman-Monteith
%, ADFIREEOFHIC Kinematic Wave 125, JA[TEIBID
#1512 Muskingum River Routing 544 LTV 5, SCS-
Curve Number {£13, KEREBE TR L - TH%
SR OB E Lt ET — 2 b5 b7 Btk
K TH D, Curve Number (THkii#iE5CTdH 0 | THIF
P HEORERE, 1R OHTESRIE72 & ORIk ORHE A
RINTGA—ZThD, TOH, Hipd TR HCT
BAA T THIREEAHEET 2 Z EFRETH Y . FEH
TEDD 72 lEeRAR 4 72 L I A Dtk Tt g
WA cd s P, —J5 ¢, TTRHIEOF L, Modified
Universal Soil Loss Equation (MUSLE)EAM R &4, Fm
WHERE— 7 i E OB L TRBLS D, B
FO o ORFRIEIRHIE, HE7e EORFEIEORAL &
N OIZREZ 7R & OMYEIRERIC L D iR S, &
mpictt DGR, R K0 PCEIE NS, Lo
L. HUFHEHHCBI LTk, SWAT Tl K H oORHiEHE
ERAMITBITFESRE DT S, HU KRR —
TEMECH-2 DAL, MRS U Aot GE S
e

SWAT (23T, [EEBRFERET DA OPIKFET
Hfi ST NERSRERER R . TS AR, K
RARBT D70, HHIFIHE PR & AR oD H 2 50E
T 5, THIFHEERCIE, HERI S DG A A EA
HAE, FEAR, IR & OEHELA Y 2 — LV ERRIET D, B
EREMRR L, T S AR ARRENEEE (R T Y —) 12T
DR CTdH Y | EELA Y 2 — VO REAEOIE B CHEEHL
BELTRATZ Y —2RAT D, £/, THFIHERD
2AZ, HRU Dl Z HRbii &R it a7 4 L 4
TOMREARTET D &N TED, ZOMERETDHZ

& T I & RO R REEAT & L CoHbnAlbbka
FET 5, IR CIHTE OSSR A N — R %R
E L AKINCE, BN OFED S, (s RO
ZIpEORTGE AN L, KER A2 RET 5, A0
Tl SWAT CHERFERERR 2 KBTS 2 7o DR 2
PR 2 — )TN TR LT,
4.2.2 THFBRROBE

SWAT (ZAS)9 2 iR A, Hkith & s
FUEwaTo 2 fEE, IR E 2T U —ii R
o> 2 FEE, B4 FEEARE L7 (CBORHIMERR, Hos
AZ7U—, byEna HE FyEras T —),

PosHh EfEH B r a o[BI, FRES)N
1O DAEBIEEZ FV 2, FIH U7t g o
% T % Sentinel2 (ZZ[E153iRAE 10 m, [EUFHE 10 H)
& Landsat-8 (ZZ15fi#AE 30 m, [BIFHE%16 B) TH D,
4 A5 11 HETOR) 200 H I CHREE S V-2 mifgi
WE A2 AED ERI30 2 —r L2 R AM8, it
EDOFEL LT DT80, EOYPTBRIME Eifg 28 E
LRG| EHEE LT 10 > — R ATHETH
o7z, fHE UTRAEFRED I, IERY bR AEFR L (L NDVI)
CYriERARES (BUTF, BVD Th Y | EREEIGOR K
WORFEZHWTELTORIT L W R LT,

NDVI — NIR—RED (4)
NIR+RED
EVI =25 - NIRZRED (5)

NIR+6.0:-RED—-7.5-BLUE+1.0

Z 2T, NIR (TIARNER DGR, RED I3RER DK
59, BLUE [3HREDRSHTH S, 7235, Sentinel-2
& Landsat-8 23E B Sz — 2 DMEHEH Y |

NDVI, EVI MR U ChoD Z & 2GR L T D, BE
&R R w2 OHBIE, (EMOEBIRHED
Bns 2 KoMz v a 2 LRV, ek Lz &
T L b ZORBHICAREEGR A A T35 2 LR TE
RWNEGEHHY . S BT, POEHITIEN 2 [MH Y | IE
TR OBED NEFE T 5, AWFFETIL, EVI & NDVI
DRERFIDZ D, P & s ~ vt m =24
BIUT=, Hosith & fEH 7 r 220 BVI OZ# %K
-9\ d, WO EVI X4 A MG 5 A ERHT-Y
25 ERL, 7 A MO FBEOWHEOKRHIICRE ST
MY FOESR L, 9 A FAID —FEOIHEDHE - FEOr
TR5, fAEH hwEra @ EVIIL6 A FaH-0 o
HIRZICREL R, 9 A FRIOIHEDREICKE < &
ND, Fio, BOETHIOUHRE T ~CEM Y S $IC £
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[ —me EEEd
1
08 |
— 0.6 | \/\
>
Ho4 |
02 f
0

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1
X-9 fEHAICE 1T S HRREATE D EE)

LB W DIREETH D, — 7, fEH b U E
7 = A THES ORI TEDNR D R C G LT
WDIREEDS, B L7255 Al HE@H L 1D
WKEETHY, EVI IHELS D20, ZAL D OFHED D
Mot SR b v n o OHRIE T o7, FHIEE
DEACPE I BEEHH b o1 2 SO EOS A
72 ECHBNCEREN B 73, B OFEA MR T RS AS
WL VHER L T,

SWAT ClE[R U -HFH ¢ MEOFEEE 72 D55
%, BRI Z 30T CATTT 2 08D o 5, EDT=, 1
B C AR b v v o v OF R CHENR G i &
A7V —HE R 3 CRRE Ui, HEREMH Rt 30
KRIDOBEHTH Y . AT Y —i A ERERE iR 2
SN BHTH D, IEERER R, R OBUKGH
B (M EITUATE) 0360 | FEEFE) YR TR
Thbd, NERFERRL S FRE SN B ORMAE A7 Y
—HEHE e LT, L SR R - LT
Ho7m,

4.2.3 BEEEIYSS1—ILOFRE

SWAT CRET 2Bk LU hvEraso
EREEA Y 2 — VO EIL, BFHE, EA REIE, 0
ThHY ., FNENORE A | IRE RS FERINARE 5
Wi ® 5B EE LTz, PO Cli, 4 A 20 BISHER,
5 A 1 BICEWEICEIOREE, 5 A 5 B LIERObE
JE. 7 A 10 RIC—FEOUWFE, 7 H 15 B LA IEEOfE
JE. 9 A 10 RIZ ZFEOIFE, 10 H 5 BITAENEED
MIAEARRE Uiz, 7eds, B & B ogn I RO
TITOND DT, WAEELURRIIET A EE 11, £
DO IR R A 2 — L 4 ) IR LR L EREZ T
B, A hrEn oyl 5 A 5 BICAREEND
Bh 5 H 10 BIZHEEL, 5 A 15 BIC/EHS JOMEFIEEo
MEAE GEAE) . 6 A 15 B LAIEERIOMAE GEE) . 10 A
1 FICINEARRE LT, BREIRA 7Y 2 —/E, [R5k
L TEZT L, BT L TR Y | 7, BEHEHO

A I T HEMT L TR DN, ARSI IR
ELTc, KO RSBUTRIT T 27201203, fREg R 2l
K OERERAR U a— IV EED, T BT LT
ETDHIENPVETHD,

SWAT TXET DHEAEDIEH 1L, MR & OfE
Bk & L HRE Ch D, HROFEITT —# ~—Z |
ICEEDLITEY . AT, LFEEHIERE, Y
V. Y OEGEN100g H20 10gEENLHLOE
IR, GHEAE HEE, 27 U —) 1TH7zicT—4#
—REVERR L. 253, U OBl A B RO Sk ¥
EBBETRIE LT, B ~ORE &L, a7
A K 2015 Hosfap ey 0 12 XD & ErkEYE - R
Wi oS, FHOIEEESREFET L, HEPA T Y
— 7R EOAENE & IEEREE X 0 N o5 e Mk
JEEHE B L CHiifa T2 & S Cnd, Fio, AER
DI A SN2 E D IZEUET 5 & &bz,
FEZENOHE SO GHN, BRI R e 7 3R
TEIND LR EFH LD Z EREE L INTW5,
LU, WO TOEMIZ, A SN EiE S 2
1B L SWAT (TMe S8 5 2 &I IRNEE R 726D, ARFZETI,
FEZ CHPE SN A EILEH A R DO EHI TR T &
b EEREE U CHIERZRE Lz, AR
SAEEE, FLAA8E B H72 0 OSARES Y IThEIE
RO A5y 2R UC, S BITH 2 B CRE L7 it
Fd 7 OFLH R 4 5 U CHYTIRIEH 72 Y Ol
BB/ N & S ACRE LT, AR CREAE A Y & & it
JEENSHEFR - U OB R T 5 L Bl
AT & [FIRREE) B & B FAE TR DAL TV DI & K
X IRTBED 7RI T o 72,

4. 3 #HR-B®R
4. 3.1 SWAT EtE#ER

AT, NEREREMEH R 3B 75 A C do 2 RE) | ki
SWAT ZiEH L7z, 7eds, b v /)l E, FEDORET
HIX T v Jiflre & O EEERA Y 2 — /L &40
ETERPoTT20, TN BIRIN LT, T L0
HARII, Wi & AR O — 4 2 S L7 2018 40 5
2020 4E0D 34FEH & U7, FEHIELCE © 1 9 1) T,
bR, R EIC BRI HET L RT A—H
ZRE Lo, /N7 A= ORifbix, SWAT IZfH5-3 4
TWHHEIF Y ) 7 L— 9 UEETH D SWAT CUP %
FNT, MUK LUFE LT A —X ORESHTI L0 5
TE&h,

SWAT #RE) | [l ZiH L7z 2019 AR % (B-10)
\ORT, BHRARERE LT, MR A~ A&, BT
&, W)IiE, it asre, SRant=E U oA

-156-



m— K

------ BB Ao 2 (Jrtih) - BRAAS A~ 28 (hyERIaY)
e HUEF BB (L) NG (FyEmay)

HLILGEHIME (Pritth) HFERIE (hyERray)

— FHEERE O IR

O T T T T L) T L T 1 ] U T
)
23 50 t
2 g
8\/
~ 100
— 40 20
N ~~
B 30 r 1153
Py n =
g ol T It e ) 10%
S 0F | e e 15 &
M L eoeeeernenedonasinsmasondusnenas®®® [ J '..-...::::-““““““"._,_' ............. >
0 s assesceces . 1 IL_geeasase I\ 0
4/1 5/1 6/1 7/1 8/1 9/1 10/1

Discharge
(m?/s)

SS load
(t/d)

600
=
B 400
Z &
&= 200
0
150
o
) 100
-]
E 5/ 50 -
0 S R R I R R R R R B R TR R R TR .!,, IO T TN 1y gy 110 N ONCE Y e
4/1 5/1 6/1 7/1 8/1 9/1 10/1

BI-10 SWAT fZ4fifsR (201954 A~10 A)

iR AT, R A~ A EE FEOLEFORD 152tha & HEE S, ARBESEUELE Kb o Z — D F2HIE
HER EOMEEREZFR L, BEMIT—FEL ZFHD 2 LERETH T, LD, HEhs OO
2 [\l fAEHH b w3 AT 1 EOE A LY FyERaVEFTRNEFR L2 L2k 0, a2
DA R UTe, RO D A S 3, — 53 53tha,  L7cHisR - HEEIRAEDSFFBl S, IR, SEE
TARELDS 3.1 tha, SREHH b U0 = SO BALIE R R P D & KR IS 2 B L7

-157-



FERDME SN, H/KRHISGEKHEE 3 28 H 50
720 FRT, BERERN A 2300 e OHIK T2 OIS |
IR IR L, DGO R & LGRS
T AT, REfiHE L CGHRESh Q0D &5 %
Hd, Atk THEOKPIREE. TN ST
WDDEHT L, Ty Z ST A —F Z T
LD D, TR AN R, ERHArE, Y il
HIERTRIT, —HOHK CRKHEE 3 DB A D
HOD, TR, HIKEEE HIARRSERNEZ FEL L 74
REON, ZhuE, BEBXOEEH Ry
OAEBMEENSHE S L, M2 - HEREOK SR ]
SNTWDHZEIZLY, T EREEOHIRRE &
WEAFELINIZEWVWR D, L, RO 9 A
AL, SR AREE MEE T D3 5
iz, ZORIKE LT, MHEEREZESR O FiiHIZBI L
SWAT DFHHIFEIZGREN H S L2 5, SWAT Tl
KR OREERESE R A EHTH 2, EIJG e
FEOWHAHRE SN TSI, FEEEI K E VR
kIR N9 5 ATREMEDM B S Cng P, HETFK
DEEHREITH L TOTT L & Ok & 7GRN
BEtS Ty, UBOBRPREEND,
4. 3.2 SUREENHES LHFIRAEISHTHZaL
-3y

JEHEEE RO TR, TTHRIRD ER PR
BEZEENZ X0 BEDDEENH N D 1 2 > O~OfR/ER
ATz L, THIFIANELL CETD, &5

THRREND, LELY ik BYE, AR THRE
DETe = & L ORI MEL = & T, R AR
ATV a— VIV E LT T\ D, # 2 CARSE T,
THFIAZ LB KOV BEBEA ¥ 2 — VO L 5
FKE~DOFEE SWAT Z T2 Lb— LT,
FHEROFISOERIRHAMEOZ(EATHE LT-, &
2 ARREE, ARk A g i s & BIFEOTIIKE %
LTz V2 2 b—ya L OSMEER-3ITRT, ik
DEMRIT, EEVEDHE A TV S FEENEM S LD ETO
2000 “ELIRTAARE L, S B OO 2 CAREEIEEN X
HEIE & UTe, BUEDSMRL, EHIOBEHITK 9 FIChA
EBHH R vEm a3l 1 EThh . AEIEENIAZ Y
—K 48], HEES 6 EITH D, B, 2OV Ial—
va st WEEBHECATNT 2RGS0 DM T
A—ZFE CHOTHYT L, 3k U7z HHRIH & E R
BAT Y 2= VORBRIR DT T 25D Th 5,
FO1=, ER L OSEEOMER R ) AR~ T

R ONTHHDOTH D,

SR D ORYREGY GRER. FPREIRE, HORR
H) OEMEZARELZR-11 1O, mEOFRHATE
VBT HHENE D 5 C, BITEDWREH A faf & B HISERE,
W AT ) — hyEna iR, hvEnav RS
U= bOEFHMETH D, TilafT R, R,
Fitt, HUFRHT 1T RA 0 | IR R

=3 Y3al—IavEl

ST, e - 1 osen B HifE
a\ﬁixf%iwﬁﬁﬂ@ﬁ_gﬁ%ué@fpéi e T 100, T,
— 5 CERIERAETU AN KT &0 B HERE R ISy E=erg: !
DT = & T, AEIEIHEE B AT Y —IZ Ei JZhtaRi Fhia
LU THY , A% b AT ) —HAEMAMZ 5 = &7 RIETIER IR 100K B o
7 U —41%
i [l Btz 5 ) — N/ESSEDZ TN RN/ES-EDS SRR
30t 1,500 15,000 F
=950 | 2 =
Z Z .
2 2 2
= 200 ~ 1,000 < 10,000 }
=150 e il
& & &
= 100 . = 500 5,000 f
B B S
Nl B B
0 o L— . s | 0 L -
wE - HE BifE wWE - BIE

K11 Bith S DEMHERAFENDS I 1 L— 3 ViR

-158-



BMENPKEZ SEFELTNWD I Enbing, wkEBIE
ORI, REEHAREITEIN Lz, 2
(ZHAEET b e n o I HERRSBEH LTV D
EFEARE <, EEHHPE RVEEDFELSTD
e Th D, —H THRERHANEIL 30%, Hi A
PR 33900 L7z, BOEHIBEEHH kot n 2
HEfEDNET e &, —fRAOICHEAREI TN L, FRHH AR
W2 DT ENBZONDHMN, TORMIR LT, BH
HIHERE S 5 OFCELHIA Z U —( 2 X o 0 IREkk 2o
W Ir IR E W= HRH BT R & H R OKGR B &
WD LT EEBEZ bND, S%IT. IEARKROKGEZEE))
KO HEATESAE T CORREIRI & DML DT U A
ZRRE L, WIKEA~OEAE T L. SR OB A
TR IS5 X 0 xR A MG 2 BB 5,

5 £&O
JEHEE HE O KRR L A5 & LC, SWAT %

FWTARERITIZ LY | KEBRRSCEFIEARET 5 2

Lx AL Uiz, AWFFETIE, 1) FAREEORJIKE &+

HIFIF « B R & ORRA B BN L, 2) SJINZEsT

2 KEHERINC X 0 AKEZEBREAZ B SN2 L, 3)

SWAT O/KEMHTCI, PERIIIE N ORE) itk ki 5 &

LC, B EEAE LA ¥ 2 — )V EFRE L) i,

b, RBEEREHRICE L CORT A—X DORIEE

1To77 DI, BEAT Y 22— VO & TR HE

RIZ X ATIKEIZ L 58 I 2L — LT, ¥

SRR DREFIEHART RO L2 e L=, FE7ek

FIILTICE L BND,

1D ZERERSOTH THD NOsN HEHRE & it
FEd 7= 0 HAAEEEUE L & ORIRMEZ R~ T AR,
IEOFBIRIRAMG BTz, Fio, TSIV
TVER DR Z G2 7=, (AL R O FH
% I CHEHIREE )0 O S AR~ DM EAT O,
TS 7= O OFUHATEEE L & OBMRE A~
% & FBIRE A Uiz, SERIEARRD B/
FUAMEE L, WU C 3T, HEO I L
D BRAHIH L OV D RTREMA VR E U,

2)  vua /LRI SSIEEE & TP IRERL, HIKERC
EEENEL 720 BRIIDIE D DS, JEEDE L 72 DIE
MBI, ZFOFER E LT ITERIZ L DFRD
THWHEREDIRBEDE VN E X DLz, —H T, R
I )EREND TN REITANKE | ZORERZD
NOsN IBETHD Z L bhr->7-, NOsN REIC
ZEDVE UTZBER & LT, FEORHRIRILDE )N
TN O FZEH X DN & BRSO RO A2 %h

F. HPEHESHIC K DR EANIIAKEIC G2 D5
HENEZ DD, Fio, HKREOREEZAEHZE D
A UK & LT, TldRy B 70, iHiRE
PRGEVDAE U LB X DD, AT, /NN
DHFEEDOFEFLIRIACE 78 £ OISR ON E BILR
DIFREFIRDVLENDH D | 16 DI H%E SWAT
IZR S5 2 EFRETH D,

3)  SWAT |2 L 2 /KERMT ClL, TEMIOEBIRE & it
P U IEANE & BRE Uiz, i & b b o
Fra ORI E Iz U CRELES L, BT
INHER DI A FEL U7, ADIRIR, WoKRR T
FENEZ PR L, H /KRR R AHEE A A B
A, AP R & SRA R R ZOKIRE, KRS
HIRFR SV, —HORPK TIER A LIS
HOO, BEHIOAEF RS R IS4, HiFk - 15
HOKSGEENFRF SN TNAHZ EIZLY, Thbé
FAEEOF R SRR A FR SN e vk
%, FHEEMATSOEFRMHAMNED Y I 2 L—
3 URERCIE, B DR R e o s
VEDSEATS Z LA K 0 KA S AN L7223,
EHENREINHERE D AT ) —CEE D Z &
T, HREHEY & H ARG DK 30%i8 L7z,
SRUT, ITARKOKEIEENN L 0 /U725
FHFE L, B OR AR R AT 5 X 5 72
KPR AR 2 MNER D D,

SEH

D G, =B TEHIES T ORI IS <))
KB DT : 2.8WAT |2 L i) K TREOmE AHESGE) |
AATHEIE B S e, 54, p.254. 2007 EAMIKEE
B R - B - BATEEAGHE, 2015

2) Chunying WANG : TSWAT &5/ & % JbimiE sl oo i
JIFRZIsiT 2K, A, Fosmtt PRl ARE R
FsC. 2014

3) BMOKPERANSS « TBREERA L LWEREL, p20, 1997

4) ERH &1 ARIRRE BRI T D EE L)) 1k
TBEE & ORMR—EPEE R OS2 BHRRHNZBE T
BHHFsE (V) —, RETATRFRSUE, 189, ppd5-50, 1997

5) ERCFFEBIFEE N AR THITE 7 —T KT — A -
T RBROEE b~ = 2.7 /L Bk RBLAR) Verl 2, 2016

6) ITHHIE #Rg : KEREEOKE ). 1994

T ERHR, /NP — : SNSRI CORFRIIRIHI KT
TRIGAETORE, Bk THEE 73, pp235-254, 2012

8) B R K TR E R R AR S 5 R
2019

-159-



9) AR EHIEREHEZ 30T 2 SRR A e BLR & 7
R F RaFIRE, BHGES No.68-2, 1983

10) AbHESTREREGTS : [GRERAEA A 2015V Hk -l |
pp-196-229, 2015

11) AEMEEAFANNRSGERHZ : T LnbD b S AL
http://ishikawa.lin.gr,jp/kankyo/02.htm

12) AGHEEPESERIE « [HRncF B BAER . 2019

-160-



	16
	16.1.1
	16.1.2
	16.1.3
	16.2.1
	16.2.2
	16.3.1
	16.3.2
	16.3.3



