BRBRORZ 224 D) AR b Y

MHRLEL T 12 513 5 L HE A O A AT (2
TR

==x.
HARE: BRIKKZFEFER

~EH: 2008-02-14

*F—7—NK (Ja):

*—7— K (En):

ERE: B, 3R, Onaga, Kenryo
X—IJL7 FL R:

il=F

http://hdl.handle.net/20.500.12000/3925




111
MR EILEH T IC B T 5 TBIRE DO KAEHIPT S
s Kk & R

Kenryo Onaga: Practical studies on soil erosion in the northern parts
of Okinawa.
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Summary

The phenomenon of soil erosion of farmlands has been a societal problem
all over the world since ancient times. Although there have been numerous
studies of the mechanism and prevention of soil erosion, it is difficult to find
a universal method of erosion control because of the differences in the factors
that affect soil loss. Therefore, in order to understand the complicated nature
of the factors that influence soil erosion and to formulate some effective
erosion control measures that conform to the local conditions, such as those of
the northern parts of Okinawa, it is essential for extensive studies to be
undertaken.

This dissertation presents the results of practical studies based on actual
conditions occurring in the investigation of rainfall erosion in the northern
parts of Okinawa Island during March 1975~Feb. 1985.

Okinawa Island consists of gently sloped terrain in the central and
southern parts, but in the northern parts the slope is steep with many valleys,
for which reason runoff to the rivers and ocean is rapid in the north.
Additionally, the annual rainfall is about 2,300 mm , which is more than that of
the central and southern parts of the island. And finally, the predominant soil
in the north, which is red and yellow in color, is readily erodible.

Reclamation of land under these conditions usually involves the moving of
great quantities of soil by heavy equipment. As a consequence, the natural
resistance of the soil against dispersion by rainfall is weakened because of the
destruction of its structure and because of the augmented transportation
power of the runoff. Moreover, the reclaimed fields are often planted with
pineapple, which is generally regarded as a soil-eroding plant. Such fields as
these are therefore more erodible than other vegetated fields.

In brief, the northern part of Okinawa Island has a high potential for soil
erosion caused by rainfall.

Based on the investigation of actual circumstances, the situation may be
summarized as follows:

During reclamation construction, erosion control facilities, such as
sedimentation tanks, soil catch dams, and gabions, do not function sufficiently
well to purify the muddy runoff. Therefore great quantities of soil are carried
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off by runoff to the rivers and ocean, and this has a deleterious effect on the
situation of the watershed environment.

Observation reveals that one storm (97 mm ) caused more than one hundred
tons of wash load to be carried by runoff from reclaimed fields located two
kilometers above the mouth of a river. In another case, 433 m® of soil loss was
confirmed from a field lot of 2 ha. which had been recently reclaimed. This
was caused by a 600 mm rainstorm. It was also observed that one field, 5
months after reclamation, lost 11 mm of surface layer because of a rainfall of
1,000 mm . Furthermore, the degree of the muddiness of the runoff from
pineapple fields (10,000 pm ) showed that there was significant soil erosion
taking place in the Kunigami Maaji farmland area.

It was observed that in pineapple fields great quantities of soil loss were
caused by as little as 9 mm rainfall because of lack of good management. This
fact indicates that the management factor is very important in erosion control.

The results of such investigation indicates that the factors primarily
responsible for soil erosion, other than human factors, are soil properties,
rainfall characteristics, and surface inclination. = Therefore, these factors
should be thoroughly analyzed.

1. Soil properties

Okinawa is located in the monsoon region of Asia and has a humid
subtropical climate. Therefore the properties of the soils in this district reflect
the climatic factors. One particular kind of soil, called Kunigami Maaji
because of the locality and the local dialect, is distributed mainly in the
northern parts of Okinawa island, Ishigaki island, and Iriomote island.
Kunigami Maaji soil is red-yellow in color and is regarded as a problem soil
from the point of view of erosion.

This soil is classified into two large groups, namely, red soil and yellow
soil, and these groups are subdivided into 13 soil series. Although the soil has
been categorized into soil series, the removal of separate layers in the fields
of reclamation and consolidation revealed that each of such layers was
actually a mixture of different types of soil.

Some of the physical soil properties that were identified by broad
investigation are summarized as follows:

1) The clay content of the soils ranged from 9.0 to 58.5 percent. This means that the
soils extend from sand to clay in texture.

2) The measurement of the aggregating degree of the main soils of Okinawa shows
that Kunigami Maaji soil has the least aggregating capacity; based on an
aggregating degree of more than 80%, the soils may be ranked as follows:
Shimajiri Maaji (dark red soil), Jaagaru (grey terrace soil), and Kunigami Maaji,
with 9 samples out of 10, 6 out of 8, and 7 out of 35 aggregating, respectively.

3) According to the Japanese criteria for dispersion ratios, the soil samples with a
dispersion ratio of more than 40 were in order of the degree of despersion as
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follows: Kunigami Maaji, Jaagaru, Shimajiri Maaji, with 16 out of 34, 4 out of 13,
and 2 out of 22 samples dispersing, respectively.

4) Concerning inflilration capacity, when compared to those of mainland Japan,
Okinawan soils are a little different at the initial stage of infiltration, having a
basic intake rate that decreases significantly with time. Intake rates of Kunigami
Maaji and the soil of mainland Japan are 7 mm/hr-95 mm/hr, 81 mm/hr-360 mm/hr,
respectively, after 4 hours.

In cases of intake rate measurement using artificial rainfall on a field of
plowed and non-plowed plots, runoff occurred after 17-18 min. and 12-13
min., respectively, under the conditions of 3° inclination of the plots and a

rainfall intensity of 65 mm/hr.

2. Rainfall energy

The erosivity of rainfall is estimated according to its energy. The energy
is determined by the type of raindrop distribution and the rainfall intensity.
Therefore, the energy of rainfall is dependent on the location.

According to the distribution of 120,000 raindrops obtained in Naha,
Okinawa, the volume ratio of the drops below 1.0 mm in diameter (in relation
to the total rainfall) is only several percent, so this figure can be neglected
in the calculation of rainfall energy. When that is done, the WIBLE
DISTRIBUTION is found to fit fairly well for the purpose of describing the
drop diameter as a function of rainfall intensity and energy.

On the basis of the raindrop distribution, with consideration of the energy
of individual raindrops, an equation was formulated relating rainfall energy
and intensity. The equation is of the same type as that of Wischmeier and
Smith.

A comparison of these two equations indicates that the rainfall energy in
Okinawa is influenced more by rainfall intensity than is the rainfall energy
in America.

3. Slope factor vs. soil loss

The slope factor is one of the most important factors that affect soil
erosion. A field test was done so as to understand the relationship between
the slope factor and soil loss. The test consisted of three plots with
inclination of 3°, 5°, and 8. The plots measured 20 meters long by 2 meters
wide, and two types of soil were used in the test, sandy soil and clayey soil.
The plots were bare and exposed to natural rainfall.

The following equation was obtained from the test with the two soils.

4=C / tan(6— o) (1)

where q is soil loss in ton/ha., 8 is slope degree, and C, 6, are constant.
This equation means that there was a slope degree where no erosion
occurred while 6= 6,. The 6, is defined as the critical slope.

Critical slope length was also investigated by means of measuring gully

115
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types in pineapple fields. Critical slope length is defined as the interval from
the water-divided contour to the head of the gully, namely, the non-eroded
width of the fields.

From the result of the investigation the following equation was obtained.

U=C, {tan(6—1.5°)} ~*14 (2)
where U is critical slope length in meters, 6 is slope degree, C, is constant.
The equation indicates that when §=1.5°, U becomes infinite and this means
there was a critical slope where no erosion occurred for a given slope length.

To confirm this, more detailed examination was made by laboratory
testing using artificial rainfall. Testing soil boxes which were 60 cm in
length, 15 cm in width, and 8 cm in depth were used. Kunigami Maaji soil was
used in the test and the soil boxes were set at slopes of 3°, 5°, 8°, 12°, and 15°.
During the test, it was ensured that drop size distribution of artificial
rainfall was almost the same as that of natural rainfall. The quantities of
soil loss and intake rate were measured under rainfall intensities of 10 mm/
hr to 60 mm/hr. The result of the experiments showed that the relationship
between soil loss and slope degree was almost the same as the observed
tendency in the field plots.

Both field and laboratory studies thus indicated that soil loss is zero when
0= 6,. In other words, 6, is the critical slope and is nearly equal to 1.5".

Additionally, the constant coefficient C of equation (1) was investigated in
relation to rainfall intensity and the following equation was obtained from
the results.

C=CQ1—P)s (3)

Where I is the rainfall intensity in mm/hr., P is intake rate in mm/hr. and C’
is constant.

Equation (3) shows that there is no soil loss when I<P, meaning that no
erosion occured while rainfall intensities were less than intake rate.

Moreover, the relationship between soil loss and artificial rainfall energy
was examined by the same method as described 2.

Consquently the relationship between C(constant coefficient) and E
(artificial rainfall energy) was described by equation (4) .

C=C'E—E)*“ (4)
where E is rainfall energy in J/n? * hr, C” is 2.9, E, is 145 J/m’ « hr, and
a is (0.88.

This equation indicates that no erosion occurred when E=E,.
Furthermore, it was found that E, is equivalent to 9mm/hr of rainfall
intensity, a figure which is nearly equal to the infiltration capacity of the
soil.

In conclusion, this study has reported analysis of soil erosion in the
northern parts of Okinawa based on a combination of field observations and
laboratory experiments. The results of the analysis are summarized as
follows:
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1) It is clear that Kunigami Maaji soils vary widely in physical properties and are
easily liable to rainfall erosion.

2) By measuring the amount of soil loss both in the field and in the laboratory as
influenced by differences of slope, as empirical equation was derived.

3) In order to predict soil loss from the equation, it was necessary to determine C’
and C” of equation (3) and (4).

4) These coefficients vary according to soil properties, vegetation, slope length, etc.,,
and, therefore, the relationships among these must be further investigated.

5) It is of practical value that the critical slope against soil erosion was confirmed
to be about 1.5° and that the critical rainfall energy, as indicated by rainfall
intensity, was found to be equivalent to the infiltration capacity of the soil.

In other words, in order to decrease erosion to such a level as to be ignored, it is

necessary to have a slope of less than 1.5° and to improve the infiltration capacity of the

soil.
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BEEHCRBHMOBREIER « B Sz, LOLLTLHFKBNTRZL, SR L THEBEAME
B =Ty FENDLEIRHE o7, TDOIERWHRBICBIT 2 HEBACELSICHET 2HEOERHD
2L, REOEBICHUTEENERIN T TNE LS B>l kb0 EEL 3,

AEIZBOTIIRB3MEEY S, LIBER, RECET IWELSERCITONEYRER 2D 2, b
b o TREMENREL L EVOREROHETHITHSL LIZVIRVIEERTLOTHS S,
FLTHREBOZLVWHRBTRRBESTH S,

RSB TR L FEABESERLIRE L bCBE*REY L2 IR BTEL-TEY, BROBICH
AT 2EBABBEBROBRICKE > THEBR I N T I T RETFOER»SFICELELZ EOICEZ 2,
[COBREMEPLZTNE] LERIDBEZFEDATIIR G, BELARBEOMED S 205 b i@
DETICHEL BRSO H D Ao5+HoMEt s h, BRZBIENMNERToRRFIUER S K, EE
BRECODLEVHRICE T 2 BRI T 2 BRI R 2ER T E 2, 2OKBR, Bor@aitimit
FEBIBZRBEODVTEELZERFCTHIBRNCLIMZC DL TERN MRS, SBOEBMFEL
RIEHFETEL2LEbNEDTUTIEST 3,

KX X7TEDLORD, ZOBREID>EDEBY TH S,

FIEILBRREOBENER, BRROER, S VL THEKRIICEKEARL 72, FEHAIIC DWW T
BBEOHBERIFL L THBCETZ DR ED E DT,

FB2ERMAEEILHICBI 2BROEREEMBEOREAINCH 2 ITEH L N VB LI L5 & U
DOREM (Erodibility) OHRE%, /58RTEBIT 5 EWHHOEER T TORELWERAIC LD,
oz Lz, BBRERCIIBAEEFAE CRIARLFACIVE:OBELHI» T LEARIOE
HD1DELT,

FBIBETRMROBENFME2 LBREALOEETL S 2 THMF L, BROEIEMEIC DWW TIREBE
DERE b LICHEE L, ANONERBTL, HIICIZ, EELHERELHEBIICED E Dk, 272
WEOKESARFEEL D LA, BNz ALV F—EBERL2FEL, HEOBFN= 2L ¥ —EM 28
SEMPICT BT ENTET,

BAETEER—YOME - i%%ﬁﬁkOWTtDit@toﬁﬁk%ﬁ@%wiﬁ@%§ﬁ®
BT, FCREHER, Fh, SEECOVLWTERL, BABREOLWTRTEL B owTizHERE
v, EE~—YORARMEEZHS MIZL 2,

BOSETR, B2EOHBHRABBESR X 2T, ERTFREOEBRNEH LA~ T, BREER,
ERBNCERNEREERL, ERERTFLHTLE L OBFREHES»ICLT,

FBOETE, MIEIFTHROINTEROEN 2L, HEHFEBROTHN T LY 2 o 0B MRICHE
DLEERT-o

BTIETREREMES N THEL ZOBRE» 6 5ROMER L LBERE2OD D HFE2ERL, BEEHE
R~ B 2R L 72,
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(EF)

KR OARIEH) 2D { 2 EEDBRSTECHERTRERFIIC TCLEHE W L 2 Nt EO# S n 5
ZoNIz L EDSTHS, THERLUREF B T¥BEOEI P EHKR, EHESHERIZIZZ O
B, HEREEB -/, ARRCHETIENEREVRIDO LD £ LI TIRRFETEEAYHE
FEQHBEEBEOEEHE I L2 L 228K THS, RIERCBEFT IR LECHEEYB 72, %
TMREFTEOL IFLZBL T, BEMKFEE, B TEEROEEHOHEIEE 2 M7,

WRRRBERERCIRSEO LWRHEOEERFECH 2D ZROEZE LM,

HE, FBMRRCHLD, HERESEER[ICHERTORSEMED H 2, BELMREES, T
BROKZOEBINE LT,

SEMEF, (LFEMKICIBECDD, HRENOEESRHYOBEEZFIERDOHF 2B L,
FRRREBDAFICEHBRREEEROEREBROEB BB O N, &5 CHMEERELLK
WX DOER DL DIZH T D BRERKRFBYHAK TERBED HFALHRYF, A¥YTSEAEREELICHE
(¥ T¥RoRELEFOEB InE SN,

B THFEREOERE (G- H) ERICBAHRICEII2ABCLERTE LA VEBH2E,

CDEIEARFRIIZLSDARDOEEREDEB TH2, BERXEZHLZRITEL L& o215 DfR L
EHI I IREBEEDHEERLE T,

Fl1E B W

F1E TEEB

THEESL B HEAAZELOANCE > TRELTRLELIRREERSINL TS 9 WE OB
FRETERC X D HEYNER (ERER, BRARER) tMEBRRLCKBIdN S, HEFHREA
i, BRXUET THBOER EREDMICNT VAR TV 2 —HEFHNEE—REZ VL,
B TS LBOBEIRSR (AfLIEH) Th s, IIHEFEAE Bennett® ® Gustufson® I & % & [ AH
FRICL A2 LBONMENBHRR | LEESINTEY, 20EH (FH) IABNIETHD, BEE
EiEEMEEARER A2 »ICEBIZ2bD0THS, o TINERBRRIEKZ Lits £ BT 2 &L H
NEBEREEhTW2, $IEREOFHRIIREN, MBS LI UVATH LB ZFHIC L 582 KE,
BECLIDEEEZEARL VI BUTRBL TIIARIZE > TawkT %,

BB 2 KEOFE EOSTEIE, BHERBAORNCEHEFET 2 L0 BfELS, REDOFKE
BB L ICERIBR, VAVRE, TVRBEKIENZDON B TH-7:, HIRER (Sheet erosion)
BEBLS BRI B, ERSNIBERKRT, VIHOERB TIEROEHIIHEI LI v, HREBARD
SOEDEIT HEBEICH L DHhD/NE (VL) KSR, BROEHSIHSMIALNSE Y LER (Rl
erosion) TH5, VIVEENELCRET S Lt ROKELEIEREN, FVER (Gully erosion) &
B, Vv, FUORBNIBHBE TR VL, BEOH O AFET, BETEZ2H0%2 Y LVIER, BEN L
B COEBICILZ2EEER T VRBREERIN T EEMRH 5 398D,

KLU SHRETRNEEEPERROE1IORETHL2 ZHEL»PCEINTEY, MREIIZIZ—
BIZBEEIN2EIRER (Sheet erosion) EFEIUBETH S L a8 T35 D, Meyer™?® X R AKHE
BiRA2LZTHSE, BEORMALD SSICHOHFHED L X THS L, Sheeterosion DAY IZ inter
Al EBROEANLNBEYITHE LT, 17— NEEIT, MBORBIERA LR TFOBE L,
ML D M an R TFOERBRIC L 2 EHARTH D, WHOBEBIEHIC X 2 RFEUVKE T O LK
TFORBIAEANP BRI KODBRELHERZ VDO THSL L LT,

HL LTKRBOFBELDSHIZ, NERBE21 VY-V ILIRBIEDS L, B1OBRETI 5 —Y
NMER, B2ERETYL, FVREELRS, UFERIXTE IV, FYVORBIEET, KECLDES
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HICHKRHIEEZTY (BR) EMEXRZ EKKT 5,

2l THMAROFR

+THBEROBELRIEBHOBEOFERIEZ HEDL b TWwE, AEREL »5 Bt BRI
WEEhTE/, FY Y vy, O—VRERBIBEC L2 LEBHRTOERH 22D, 77 b (B.CA27—347)
b (X5 OF THEDRKE: HBORTEL2E L L vwbivd 9, ¥ 72 B.CSIEE, M#EY o (B.C.
600EH 7 7 2 CHMATEER2EIZE L2 L vbhTWwa,) i, ¥V v +OERKTIE, BHFHELHIK
EEBEIRTL, BURBCREL -2 L 2BRL, BEERBHO/ Y — 0 2 REEEEICE 272208,
WD Ta—Ya v 2l e idERE o oTn3 8, ZOEFY ¥ v i AOBIIHALT 2 72
DEMEMMIIKRDOEZ 2B, ZOZLLRBROKRELRAF IR bDLBb D, 12—
B, JERERMzBEORER, b1 BOREFEOEKRA L LR, FHXHAOERELBEHL T kKA
DAR B LOR EIZ R0 BRroTz, 72 Bennett® 12X 2 L HRAFZ V7 TRy YY) ADEHIZ
O b =7 VIZMERRE 72 BE (B.C.510), DADSWIERDEE I, 7LV )lloKiEdsh, Eiidgke
EL7z, ZOHEBLICILOFMRIYTIDBAlah T MKRIZEBCHA), gkofiEizHRer o7, 4
Z V7 ELICDI 2 FROEREERORERY A Z 2 T ETHBS 7, —BEIES BRI
ADEDZWEEL, BRIZLVBOVIES EOWRREBDERZ L 25— TOFEE KRB L
Enictwnd,

LOTEY T, ZV¥, 77=FYDOBR2»6FY ¥ v, AL T, u—<ORRICESE L OEH
2B T, BREXHORERZ >IAZIZ, TORBEEL*HMERECOR, 20 LEBREOE %
Bolie®, MEEBIHLT, BELIVRCOERFELLTEAL, BLEFELIPEE2—-HEi->T
Lok,

7 A Y ARKBETIZI0TEDHEREZEDOAME L AFIC LBREANKBE ST > T L,

BtRIZ, ABOBEEME LT ABEEDHE L TERES BB L OBWLRKHE TH D & L7555
WELBRINWOODEBEELMBE LY, BABANEHEHEZED TITo 7,

7 AV A TZAABAET 2 2 TREROHEVTRA L ZEL I TXHRFEEN TV, 7TAY A A
YFATVRFEEEEEERCHEEES Y, BRERBEL 2O TLBERAEOHMER2 bk r oD
ThHd, RLABSEAATBMEYIDEL, EEOIBEBEBE L 72, ILEB TR ICHAZDOERD A
TR, BT -7 — 1l REFKRTEARBYID Al iz, BARDFRA EBEINI, KRK» S
XN REYY 7 AIZI—a v OB THRONT, UL Y DEELRZFEHRELLICEST, B
BEERRENAFE TH-72DTH5, $-HBTERBRBBEHMELTTIVEI A, 7L HERD
DIHEERE DD DRMBH T Sz (Boxing)s Boxing 3ARNETKREMENIBIIIA—IEE52Z
3, FOLIEHEMHEIBEHEI T2,

M. K Lowdermilk i3 4BFORB(EFHZDOHEEE OED & 5 IR T 3 49,

[REANLERABOWMEZERIZ, BUOBERBLIUVZOBKEZOMEIZ, HEE2EETLII L
%<, TBEERICHERBLEL LWIEZAEREIDOT T, FEFHEN R TEBKREORRIINT
Z|EEIE, TAV A AOHMBM LM E 2o, — B L8 (] LTLE-THEARIRE
BERTBIEDTEZHFLOLEHNH ZDTIIR VL EVS &SI BEEZEIEZ, BEEZD
FEENIZ, BRLFBHEERLZ 0D BLBLTHRZ LI RE2FRE2H T2 Lichor, THh
BIUZO0HIZEETIEEDY, HELRINLZVHDTHL VI ZORPICHKELEIIBERS L
i3, THABROFERCHEENUBEZH U ICES LY, BEKBVW TR, BEROFROERFIC
WMTEBREL>TWB I ER—RICEDSN T3,

DEREVEDORBOEFREODVWIEZ TAD, HRAKHER R FHE L TERPIEOBMIIER
HTOTFHAZECAD LS, RELEMIGERSN, FHEZS L L0, EEHTY 1K 1IKOED
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SE | mElLEt A c 80 3 HERA D KIERIFR

Bk L AT OBAEEZ L DL DT> TWBEDTAKE»SDKREDTWFHH KL E > TH S,
ERHED D 72 WIBE I AR OBEO O FHEFRIZFEA EMM L B2 & h, Z 25k L FREH
ko TEIZN, WIICERT20TH 58, ZOHSLDOREBERAIFSSETHD, HERE
BERBANLZ LD LAaRENS, > THIIL, HEMBSELZ LWRHETZLESRIFHERBIRE
EFETET, EELLZVOR—BUTH 3,

STHEPETHEBAMENIASCIRY EFon b L5 k>0, B2 RKEMU%E (BBM204E)
DZETHYH, REBHEEDLD, FHEMIZS L XD, StOERMSEBMERONRME 2572, 20D
BR, tER2CNTIEBIAR SN ZHTHEERSEILT 2w cof:, [RBHRE] »EBR¥ICH
BT BEAROBMCKELRHRFEL LR ST:DRZOHEHNLSTH S,

HRTRECRTY, ¥ M EEOEYERBEEBEC LV BIZT 2, ZuTwolUhTiz 3EH#
%?n&iiﬁﬁné@T@@%%ugﬁbf%méﬁ%ﬁwt&ﬁxanfwéoﬁm%%a;e&
WIS THEBEREBDH oL I EBBROBBESY ICLIN TS [THOKRE] ICAB I ETES,

(X%ZE’; (1682—1761), =AE, égﬁaﬁkﬁﬁt LEEN S ,)

FORBEL2ENT 2L, OKEXR2E 2, BOL, FFRC2HMICET L ([ 7RL) ZBERC
T3E, AKDKEDCHBEDZT BBENKELL LD, DOTRMABLIEZVEEZLIRRERS, @
IR DERIM D EARE A D #,-> CTHEBL, WIEXLEEICLTBL L, RhtNHENE L TAHM
%ﬁm&bub;bii@f%i?%%aﬁééoit%%ﬁﬁ(%,m&@)mu%ﬁﬁﬁ%@ﬁﬁ
BORICX L THIEERREOEIC X 2 E ABIHMROEEEHES> 0T, ThizTFEL AAKEDOKRE L
7D, —EXAMEEERE» DS TRRAELD2 L LTZOREBICRT L w2 %, W@oE L
Do L THEMOKR, BHBRIZL2KE, B2 50 BRURLAREZONLZ L THEY, HEBRA
W EBEAD ZIREEZBC OO T EH L » S BHNO20FER E TRHHFICASD I LITTEL Y,

(RFIE R (1865—1908), fTE(E. &M@,

TRMEBRA L ERELD, MEOEEAKHERELD 832,28 (R1-1), HBELRBHRE
LR TEBRAERORT Yy LB hrrbo T, HEDL I ZELVEABES L1720k
Balizh 27255 b,

£1-1 FHHROFTAM?SEEL - LMER (A R)

i i at %
=) 2% #h 31,220 106,932 138,152 67.10¢)
H#h 9H # 9,790 18,190 27,980 13.0
A o A H 4,516 9,991 14,507 7.0
Joa 7 A M 716 1,968 2,684 1.3
ft B F 7,149 4,656 11,805 5.7
= 8|\ & 1T 2,277 867 3,144 1.5
B # 1,667 2,377 4,044 2.0
7N A Hh 462 3,106 3,568 1.7

: 57,797 148,087 205,884  100.0

(F) 1. fE#HE. REKOMFIGE 2. 24, NELUEERT,



124
HERA¥BFMAMNRSE #3355 (1986)

UTRHEODEABESFOERBERICOVWTEHL, FOMOED—IE LIz,

AR L 72 & 5 O HIBRRBIZBM20FEROVE TREBOTHA 2D ThHhoeBbh s,
THEEREEEZFICL 20X, 1950FEREHD/ A VBARHEIBHETHS S, LM ICEBMET 5
EMFEOFRR HEEE L EEL, TEOVEROBEHEE, BREOZHER (BEHERMHF) OKRT >~
YANEBOTVRON, ZINIANVNF—DHEVBERICE) EHBZIZ2BROERYRIZI BRI
3, BCRARR»BART21e, BEWLAEID 72 LB,

HHEOBRIZE > THREEWELTOXA VOBEAZEHNZ LD TH -7z, WBOEREL EHDT
BOLHE L ES CEMBRIIETL T o, TRRICBELHRLO K2 BITHCEATEALR
X, BREE, KBRS LVLINBERET IV E N RrodICBbi S,

IDZERFERXTAYAEEEOBHE/INRTHY, LBRACKELELOD 2 KEDOMET ORAR
WEE L ZERORENEROMICEREEMERELEOBRNERL D oo o R L BT RET
B35, PUTHRLBEMENHSHELOELRD, BHBEFOEROKE, L CHREBLECERELT
WaH, FHACHETEETREES> THRVLVOLBERTH 3,

£31 TRMERROER

HRODEEBRDONT Y ARRIINTHEHE, IWHE» 50 LW ORE 28E T 2 BANHFIX, &
W, iz, 18, HETHL, IS ERTFHEOMAEFR» 4% tBNIES (IN¥ BF, 138
2B (HE) BF, HEGMERET, MREs cfomfiEms b DRFE L THEOT 2
T&3, 2D &I%FE, HBOFE (RR) 3T, ZORILEREIEEZR > Twb, RLEH
5D &>, ANRIA Y87 PIVBEEIN S L REOER IR EELORFIC ABBER
bbb, RFHEOHEERDERPEDL->TL %, Baver 3RBLZHIKBETIRFLOBFREXRAT
E£bl, RAEKEZORTFOBMEHEL T, LR FREINLTHLOREHE L THEFEOT TS, Al
5
E=f(C+T-+*V+S-H)
ZiZ, E: Erosion (&), C: Climate (Xf&), T : Topography (#if2), V : Vegetation

(M%), S: Soil (£#8), H: Human work (A

-
—

REITER)
EROSIVITY ERODIBILITY
E5359) (ZAM) % 72 Wischmeier, Smith & 0 23d.0s & 72 > TH
FLIBRRCEEFHR (Universal Soil loss
Equation:USLE R) 3f7:80 H0ER%, C, PT
3 MR 3 KbLYD TERFEREMLL TENSORIC X
DIZRERZBEHTZ2bDOTH S, Alb
l ,////////l E,=R-K-LS+C-P
ALK — tigem e E R Z>iZ, ERERWTCLE, R:BWNHEHK
K @ H38FRE, LS : ERsmEAE
l C:EfTEEME, P:REF/ETH S,
\ Hudson®® 22 &13BERO2AY (Erosivity) £+
A =R X K X L8 x P x C , BoZ &M (Erodibility) OE#TH5& L, USLE

M1-1 BREEARCE5Y2EF (Hudson) ﬁ@%’f*‘ﬁt@@@f;ﬁ%l*}@i501%bfh>5o
LTI 0ERIZOWTHEHRT %,

1) BEWNER
TERRICES T 2 AEERICIEN, [UE, & BE, XEE»H2, [URLAE, BRECES
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SE . RILIEH A BT 3 BB A O EINHE

T3, [EZE-MREOER L HENOEBRAEL»ZEZ 2BRB2b 5, BF, KBEHIKECERKRLTY
2D THEEMNCIRRBIEEILZ W, ] & Schwab & 8 ZERL Twb, I TRABEROF TR
LEELBEWERICODWTERRT %, Baver? RENO b OFBMod T, &, &, BENSHIBERD
T 2 o, REKORLHEE, ZLTBRCIATERTCEARETL2ELBRE L, A
LEEOERVLVEEINENEL TH I, BNBHSEOCRIIEESEL TLREEX VRV, BLEE
BEVIEESRAEOERE %%, %7 Wischmeier & 0 3% 2 MOBE L FOR L HERT L O/
ATARBARERASZ L &, 5 4%, 154, 30473 & offic b BEL CHERARAME M , RASRIHEDON
ARELE L BuiEEnA SN L0, Bt - 3MELOBEETHE LTS, BICBRT 2
NF—-DOAVBNESL, GRUEENEE IV LRCLEZE OBV BUIHEEBERESS D, BRE, &
WNEE, BN AN F—BIUVIhsOHER L2 EROF T—HNOBRIALF - R LB ED
MR LHEENE VI £ 2B L, Wischmeier®® ik Laws 5D F — % % b L ICHGBERE (1
inch), H{IEME (1 acre) HH ORI /L ¥— KE (foot* tons/acre * inch) LER®E I (inch/
hr) & OBFRRNE LTRARREL /2,
KE=916+331/0gl

INIDHEMEELY O—NWOBNIZALF - S{KE- 1At} TH5z2oh, ZHAZL, 200k
% USLE ROBEMHEHE R & L7z,

ZZWRAtIFEEIOBRNRRMTH %,

BERAE R I —EBRNILOBERZ A L¥— (KE) L Z#0OBNO30SMEEY —7EMSEE (1N
WHE) L, OBOEMEETH S, ZITIBNEIFIZOEFRNEDL0.5inch L ETHY, #DHE
RERIARIE 6 REILINDO b DTH B, 72721, BRNHEEL1553/1Z0.25inch A EZ S 1 R & &%T,

Wischmeier 5 idBRNDE B M (Erosivity) OB N LEEL2 IENO I AL F -k Lk,
Hudson?? 130 —F v 7 COEEBRFER” 52.5em/hr YA EOBEOROBE L ANLNF -3 HBRTWCH LT
FEENE W Z E 2L Twa, #id25m/hr LTFTORBBRENNLZVLELTWS, 72 Lal*® i3+ 4
V) TRBOWTHERAD/N I Ay BRI EBLOBRE NS Z2BBR AV TERLER, Alm i
ZEHLVLIEEENARLEENS LI LR RO, 220 A RKREREE, Im 37.598U LOBRAREN
BETHD,

DL CERNOBRAREOIEEOTMH R 255, £ OHMIBBEOBRROYEM 2 DHEICES L
TWw2b0DEBbhd, Holy 37 XV A ERETHIAINIBRIANVF-BHOFHF BT H %
SOEEXTZEEATEZ L LTS, A2z ERPETREREFROTIITES I, 3BEsAK0HDT
o EAVWB 2R ETH 2,

MILES 0 3 I, 2d LICHBELEBRNI ALY R 7 A Y A8 2 USTEHIHEMECLI2HEE R
E (EEOEHE) BV TEBLUNDEVTIZEAY —BT LI L 2ERL T3,

2) 1TEER

BRSHEREEOENO—DO TMEER TH A DI LERLHAHOHBIEHICHL TEHT 2
ME T Erodibility (Z&M) LLTRESA TV, ZO0TBOZAMREM LBOMEE L 20EHE
CEREENZLDELT, FRNFRUSLEROKBELIULS, P, CHIET2HDTHEH (K1 —
1) 2ZTREBORE (K) oW Tihd %,

Ellison®® iZ LIBER A2 RAFRICL 2 T BOTB - BXOBBTHI L ERE L, KAEDEAIZL
SOERIBBERNERFAATH S, BZZOBNERFKOZNZNLFBERE N L ¥RENE2HEL DD
DTHY, TROIFRCEBINZTNIERSELI E2ERL I, fEo THBOZAMD T 1T
T OB LR AR T LBLEBETH L, Zho0BHERTOWEN, {LEIHEICL -
THEIND,
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| RERAZ BT EEWME. I3 S (1986)

Bennett® iZ CN ST A2 FERHHEL TOEDLDEEIT TV 3,
(1) LOBMATHERL
(2) TIBHEE
a, st
b. HRALE
c, fLB=
d. FEAKHE
3 FHRESE
4) {LZEHHE
IhoDOFMRAETAL 7: BBOB SN, $HEREOMIZNADBRELRICEFRYT 2 HEMEREL T E
BRFETEHHDTHB,
DO L OB
T OBBARERR X LIBOBFEE, #EEMOMISE KM ICEESE T 5, Ellison'™® M), b, #5
T oSSR FEING L, YV MBHET, iSRS vwEL, HEREZF
DHETH3 ERNTWVE, F/-—KENTHDEO LBIEKELE L, THFEBH ¥ 5 1T LHEY
MEDESKRFASLEE 25,
@ +LEBEE
T EBEEDOEF O T—#iC Middleton D383 (Dispersion ratio) 8 & UMEEZE (Erosion ratio)
FEBOWRAMZENCRTIEEL L THRASATH S, HIBOSKRIITIBOESHE (Aggregate)
DRENT 2LEELZBHNCRTODOTH-> T, LBOZARMORK/NCIELFITEZ 06, ZOHD
B TRAEEDOEEICR S LN TV 9,
FoHR OKCRELEESE) ORBRERAFICL>TREN, TBOANEE*ERbLTLDOLL
THIR&EN3, 2L TAMRKROZWEEIZ, ABCHL TEASE G E bR T 3 89,
MR B OFRAN, EAM, BRECHEEL, BBRESDZLI 2L, KOBEMNELRD,
KA ML, LBIREE2RZIHL k3,
® FHESE
[(ERESEILBOZAMONEL SHEFCEETH 2, & Bennett? iZ3FHL TV 5, BIb 8
FOEREREWE LD TBORKEEERAELEEARS S, SSKCEELZ LIMAEREZEKL,
THBOMBEREBKEOEINCFEET LI TH S, FRALHINZL, BERESEDZ L WEEIIEK
KREE2ZITHL, BE NSO IIBIAKMREINF L, EW~DOKDOEED 0,
@ feFRME
tTBOao A PRNFREZENCEZZOYERICTERXG X 52L&, 2LHABENCIIEMOEE
WHETZLWS e THEBOZAMICHES T 2 & Bennett® 33 ML T3, BIZILEIMFOBZRE
RE— (V) HZZREL ) SRV EBELZAMIGETH S L Uiz, 7 Fletcher™» 37 Y VF, =a—
AF3aD Gila EFRBOLBCOWT [OCa® Na 2L & 1E, FeR KD HBIZTAM
DEV, @ Fe/Ca @A+ 3 L ZAUNET, OZAUKCKEBET 22 TOLERFOFETBY
TFe, Ca, Na, KOOI BEARL b 1 OBBEL TS, | LZAMLEBOENMTE L OBKRE
BHSIZL T3,
RERNIAMcEBOZAMORET 2IEEL LT O>F0EfnHS TS5, BIb, Lyle and
Smerdon*® X HEOMAMICES T2 BRE LT, WHisH, S28ER, —WEE, F#ELH T,
ELXRHIDZFBRIRIEBEZLDOTHL LML T3, BHEHS ™ ZITEKR L SALL2ZAMDOIE L
LTH, )R @ 3B EEFREE TORIE0.5~0.25mm A _EDT AL S & AEREBICB TS 2 h
EDHE (HAEEEHRORLZR) 2ZRMOBBELLTHTTED, BREERDO/NLI2BZAMIKRT
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SE B C BT 5 HEBE A EHRNFE

HBHEEBLTWS, 2O LRZARUENTBOMAMEARNOEREICL > TXREIND I LEEKRLT
W5

3) HFPER
RERHEREKCI>TElERI &N, ZOBREBEEIREKROEZLHEICXEINS, > THEND
B HEBOBREEMLREC THNE, HEKOEEENA, EMER, EREORBRCE>TES, —
BCEM A L ESEROEMRIREROEELED, REEALZED, SMEUECETCH > TIRAEE
255 % %,
(1) ARRDOR
REOAEIERICB IITTHELTE S 2D Bennett® ZBHTHER21To72, KT F VA, = X
J—DEBZOOTEMOFRECLTELEMNE L OBRIC OV TRANLER, RCLE LEME L ORI
X —FEDMEED N Tk R FEEL 7,
% 72 Swanson® 513, Siltloam AWV ALBERIC L 2B ARBR THEMN 3 %»512% DM T 1" 885
Z iZ1.27tons/acre DML EDMNHH 2 Z L 2B »IC LT, BROFEEBE THEREOTE,IF
AL U208 (RAAR) BIRAEENC, #HIEAEROEBRICLI>TELZSLZHDTH S, Holy™
WZEB EBEBRINTABRAGERRIENOBECHETIZ 1~ 2 0&EHET, TFROEHOLETII6~T &
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ke NS I S TR

#£2 -5 FHELHAESE (XEA-JII S60. 2. 26)
e % i =4 & E FE 0
0/sec ppm mg/sec
12 : 00 5.1 405 2,066
15 5.3 259 1,373
30 5.2 206 1,071
45 5.2 170 884
13 : 00 5.1 171 872
30 4.7 102 479
45 4.5 102 459
14 : 00 4.4 90 396
15 : 00 3.2 101 323
15 3.0 115 345
30 2.9 106 307
16: 15 2.4 71 170
17: 15 1.9 72 137

55 33 %5 (1986)
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SE | mEILEI A IC BT 3 HIBEFE a0 RIS
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®2 -8 UMEXOBELE

F D EED oo HDR RREM .

(m) () (m?)
HYEAEX o
L EbHy 41.4 0.70 28.98 28.98 100%
No. 1 4.5 0.43 1.94 1.40 848 82%
+ 2 o 0.50 2.25 1.71 915 100%
Vi 3 ” 0.50 2.25 1.71 1,611 )
o 4 8.0 0.50 4.00 3.28 2,488 )
< 5 ” 0.50 4.00 3.28 1,671 )
2 6 4.5 0.50 2.25 1.71 1,149 i
7 ” 0.50 2.25 1.71 620 V]

43.78 9,302
BYREX 0
R 1 54.24 0.62 33.69 899%
) 2 155.5 0.85 132.18 132.18 100%
No 1 4.5 0.25 1.13 0.59 369 35%
2 ” 0.35 1.58 1.04 908 61%
+ 3 ” 0.45 2.03 1.49 800 87%
Vi 4 ” 0.45 2.03 1.49 706 87%
&= 5 ” 0.39 1.76 1.22 804 71%
< 6 8.0 0.5 4.00 3.28 1,474 100%
2 7 ” 0.25 2.00 1.28 1,797 39%
8 ” 0.30 2.40 1.68 1,918 51%
9 7 0.33 2.64 1.92 2,026 59%
10 7 0.33 2.64 1.92 2,096 59%
11 ” 0.50 4.00 3.28 1,788 100%
12 4.5 0.25 1.13 0.59 467 | 35%

185.65 15,153
HYFEEX o
iR 27.0 0.60 16.20 16.20 86%
+= Nol 8.0 0.30 2.40 1.68 1,861 51%
i 2 2 ” 0.50 4.00 3.28 1,809 100%
= 3 # - 0.50 4.00 3.28 2.384 100%

24.44 6,054
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%% 100f ; 5 '
% t : '
' 9 ) =500
ton. ! ? !
T mE3i e R *
- 3 $32§-:_+ m
H 9 1 A o
1 ]| i
.+ﬂ | ’} (mm)
L ' 5 l+;
T Ao«
3 | G ;i:(’-%o
+ }:+2 lAas
1 (A ) (4
LA Rl e
e ||| : 52
O IC<EREA A TR A,
: g A %] F
S. 59

6.21~8,8 8.-9~8.30 8./31~11.19
B2 —26 BEMHFRHIDE CRCEMKX)

B0 & DRFA (BA) X
EEa vy —BRuicBreont:
AOKEE T:EY, RE, BROF
Bx L, IXKHDO L E~
ANESND, LW~ X I3H
AT 2EKEFBEE, FEL
WoEs*XM%, LtHEA»S
BT 2 @A EAEEZ T
W THURSB N, —HOiF
BT 5, 25100k
W s E N2 mEAKIZER
AR X - Tl skt
WMAT %, DU EEMERMX
BT B HEAkRH
3, RICBHIRKIZ I3 &AAR & +
W~ ANZREI N TR, K
HEwtinzh s 2 /=T 2
AR >Tw3, 20k
S 2BEBFRETICB T 5 LW
TOERER 2 DO
Li:tWrstigflgc ik vEY
L, M2 —26lc;xL7:, 8%,
9 SUWHOFRBER (FX)
ZNnZNn 3 ha, 2.45ha Th
%,

BISRL7: 3 2OBAMIMIC KT % 85, I SUBbOMRLMWEIL, Zheh, 54.70f, 34.0m° (55
1[E), 83.3n?, 169.8m’ (55 2[E), 64.9f, 77.1mf (B3 [E) TH2, BHEMEELOLT L5 7B THS
CEexEZDBEBOTREORTCIMTHL 2%, 8 HIH~8 ANBEOHMICE VT 9 SibH
DRI EHNBIGCLZ DR, HEOHEHSZNFNOXREBICE L THT0% (88), 40% (98)

ThH-oh R TZDEEZ SN,
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HERAFRFEMEMESE 5335 (1986)

E4E R

EZRLCKETERE N TWEEMOLBRTOFHN (USLEXRX: A=R*K+L+S<C-P) #
BOECOEATEL L) RRBECHRBIE 2RI LEND 2 Z L 2L 125310, FEiIZHEMERER
BX (BIEHE20m, EH0) 2RV TEBRNILORTCLELZHAEL, BRNEHETRL-EL TEFRE
ELTHWA ZERREL, BRRECZLbSEOTETZAR LA TWVE Y SR (B, ZLER
bt (B, BEL (@FE), KUKL JtiEE) 04O IOV TEAEZITUEFORERHREL T
W3 16)0

EEIIBPRSIELS 2 7y ERTbL D HBOKRERL (HE~—-Y) 20T, BRCIIHRTLE
WX AERICHEEDRE Y FAET 5720, BEHIC20mX 2 m DRBE 2R TR L DO TFOBRI
DWTLTICERT %,

1) BRI OB K U FRBR /T %

HE I EEDIZIZhRICMEBET2ERITBET, EEY—VBLLMT 2ERISEVITE &
3 EURNAL COBRENILATH S, REKIZ 2 7R, 177 (G5 1R 12ERFIO, f
(55 2 HBh) HEE, SHOFRBX Ths, MRBXOEBIIHNS00m THo, ABMO TIBEOWHM
EREARERER2 — 10007, 28 1 BB LB L E 2 RBMO LB OV T Z DMk
DEIRERBDHD D, Thbb [FERERELBME T2HREtERL CRELICEL, LEBOEY:
HRIETETHD, FROLEEBEEEL, BRREBI VYV BELH V], LrL, LBOSEEIIER
v—YOPTRNA4 -5 TRT LI CHENENAICET %, ELMEZEIIAAY 7414 b23%L, D
EWZN—3a2FaT74 bb20IEA T4 VESEENS, COBOLEBOMOFMEE LT, &KL27%
(PF3.7) HifRICAKTEIC & 2 BB L, 15% (PF5.0) fiE TR RICX 2 Z ebiFon s 1,

£2—10 AER#TBOWEM & REHERK

+ B & % % % % % g Lo M OB M OB Sar ¥ O+ oooqr

A 2.68 37.5 25.8 11.7 29.7 11.4 17.6 17.4 23.9 12.0
B 2.78 69.0 33.6 34.4 6.0 7.2 16.8 10.4 59.6 40.0

F1HBRMEIIA, BELE F2HABRMERIIB R

ABRTTERE 1 5B 3, 5, 8 XE2RELLTEMRETEAIL, %2 REacid Ly, it 2
X (& bIiT#107) 28T, 27 BBRICIKIZ A > 2L,

RECLOREIX, THZECH-RBLOBRBEY Y AV v LEREOEFEIVEHRL -, BN
BRHIEE 1 B2 5200m BBEEN 1 /NFRICEHBE N T AERUR Y FRRHFO LD ERH W,

2) HBERRUZDOEE

@ fERFIEHX

BRI BER0524E 6 H~54F 118 TH 205 (5345 A 5544 4 A % Tiddhly), ZoR24E0EHI
21700, TOMRER2 ~11KRT, RPFARBSBEI CRVFETH LD R HIBT (£2 —
10D A T38), BHIES4» 3 EFTOEV1E (X2 -1000D B 18) ThHs, BHIEE9, 12
TS RDGHE KL RPPREVEERTIELFERNEOBVABHTETLEEZS VL, T B2 EAT,
BRIz E 2 — 12127,
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#£2-11 BRTaL¥— (EI#) *rHprt+g

sy =Sk EI®K Wt (t/ha)
2 (mm)n’t hashr 8°X 5°% 3°K

FER{ (mm) LEHAAL

1 T 109 62.68 426 1221 6.2

2 36 27 13.28 9.08 4.66 66

3 84 46 B8.10 2078 1187 6.718(21).6./19(28).6.721(35)
4 59 9 17.19 10.43 3.61 7/8

5 183 186 110.65 & .61 63.89 8.16(15).8.721(53).8.722(101)
6 86 164 73.53 60.21  27.73 9,25

7 3 12 49.21 2.34 6.45 11730

8 K7 11 11.69 1.26 4.14 12./5

9 58 18 15.87 16.10 9.26 53.2/14(25).3./74(34)

10 104 118 58.66 74 26380 3/9

11 59 45 12.74 11.56 9.06 3/18(14),3./21(45)

12 50 16 6.33 6.86 5.93 4./6(31). 410 (19)

13 9% 3 40.75 2185 1661 4/16(30).4.723(14).4/29(582)
14 73 10 7.11 294 1.29 54,5,/4(18).5,710(16)

5./12(20),5.714 (15)

15 94 17 4.09 2.30 0.41 5/16(21). 5/ 22(42)

16 104 8 1.66 1.28 0.07 6./6(13).6.79(13),6.711(28)
17 88 19 9.06 6.33 0.54 6./16(44),6.723(13),.6.723(13)
18 101 28 2.14 18.03 4.08 7/19(14).7.719(20)

7721163, 7T/ 23(24)
19 61 4 6.16 5.76 1.32 8.8(19)
20 40 9 2.3 17.13 4.51 8./156(29)
21 65 3 13.67 11.70 447 8.,23(26)
22 106 83 21.83 16.73 9.60 8.26(18),.8.727(64). 8,727 (22)
23 101 12 4.12 3.92 1.54 9/21(71).9,/21(28)
24 275 162 26.54 2480 11.79 10/ 28(23).11.72(185)
2038 1149 64549 464.00 241.84

¥ Wischmeier 512 & 5,

61
£2-12 ERIHLEIFHT LR - /
Uil
A OB KX Tt = 4k A=C, V tan(6— 6,)
o AtiE 505.74 & 3t
B L% 139.75 LR
- 2F
5° AT 355.08 B=C, V'tan(6 — 6,)
B+ 110.92 b .
. A% 202.22
B 18 39.62 0.‘1 ﬁ 073 W

Vtan(6— 6 (6,=1.5°)
2 =27 fERI BRI L&
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FERRF BF AWM S

#3375 (1986)

#2-13 BNzALVY— (EIff) tHTLTE

ggl&ﬁa‘i EI & T+ (3. ha) YEET ) LBTA B
(mm) mt/ha - hrif & X 7ot X
1 59 13.66 21. 67 17.41 43(7./8)
2 59 7.17 38.15 23.25 32(7,729)
3 202 182. 46 84.74 76.06 59(8.721),101(8,22)
4 146 30.97 44.24 39.47 98(9./9)
5 130 170- 40 89.95 84. 27 86(9.725).17(20/7)
6 112 57.40 18.80 10.86 90(11./7)
7 106 18.29 8.10 9.58 16(12,29), 35 (1230), 30 (12/31), 25 (1./1)
8 138 132. 97 98. 45 77.86 34(3./4),21(3.79),83(3./9)
9 59 44.97 14. 63 10.52 14(3.718),45(3.721)
10 50 16.46 44.61 35.40 31(4.76),19(4./10)
11 215 156. 16 88.76 97.82 30(4.716),14(4,723)
12 17 3.86 3.19 4.16 17(5./8)
13 15 5.52 28.27 32.98 15(5./10)
14 64 26. 61 40.53 59.97 28(6./18),36(6,719)
15 254 98. 80 115.81 173.00 13(279),17(7/12),19(7714) ., 32(2728) . 16
(7,29),20(7730),90(7731), 18 (8-1) . 29 (8/4)
16 165 104. 40 64.70 132.70 19(8/11), 23 (812) , 107 (8/15) , 16 (8/16)
17 135 168. 45 18.38 65. 05 32(8.26), 78(8.,27).25(9./9)
18 99 20. 35 2.17 12.43 54(9.76),45(9./8)
19 81 40. 31 20.42 57.28 15(9./10),35(9.711), 31 (9,7 21)
20 54 29. 36 4. 34 11.77 26(9,/22),28(9,/24)
21 157 80. 30 27.42 58.78 31(1012), 18(10713), 66 (10/13) , 42 (10/14)
22 70 65.15 18.45 41.13 50(12.79).20(12,/10)
23 184 81.02 6. 37. 28.02 | s51(1.,29),13(1/30),27(2/5),36(210).
24 45 17.33 3.06 27.92 | 13(3/17).32(319) |44(214),13(2/14)
25 243 58. 88 4.30 41.10 | 30(4.719),77(4.726)
26 58 11.55 7.50 30.10 | 24(5.71)
27 73 9. 66 1.50 12.80 | 18(5,/4).16(5.710),20(5./12),15 (5.714)
28 17.22 0. 40 6.50 |27(5/16).42(5,/22)
29 104 8.33 3.60 15.70 | 13(6./6),13(6./9),28(6,/11)
30 88 18.44 4.40 40.40 | 44(6./16),13(6,723),13(6./23)
31 101 27.77 9. 30 36.00 | 14(7719).20(7/19),16(721),24(7/23)
32 61 4.12 3.20 4.10 | 19(8./8)
33 40 8.93 16. 00 32.50 | 29(8,/15)
65 2. 68 9.90 14.00 | 26(8./23)
35 106 83.21 47.20 46.50 | 18(8,726),64(8./27),22(8./21)
36 47 9.87 5.26 | 15(9./5),17(9.719)
37 101 11. 64 1.59 2.10 | 71(9./27),25(9.727)
38 141 25.99 1.85 11.57 | 118(10.718)
39 275 162. 38 3.74 35.43 | 23(10.728),185(11.72)
40 95 3.18 0.22 1.45 | 13(11.718),13(12.,/23),16(12,723)
H 4308 2106. 22 1019. 91 1523. 2
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SE WIS ICB T 5 HIBRAEDETENHE

ZOER ERTLEOBRIEN2 —2T0 XS ICELT I LM TE, MEBL D
q:C~/tan(0—z90) .................................................................................... (2_5)

DI D 31D,

ZZi qIWTELEE (t/ha)

C:EH
6, 6, ER (B)

Dimnw—%)ZI&Tn@A:G%t&O,%3ﬁ®$,@TﬁNtﬁmg®ﬁt@U<N$ﬁ&
L5, Zingg 3T HELERAE (%) OBFEL2ESE TCOEBRERY S 2RMT LB ARDO N B
TROLENDH E LI, 7z Holy 3BRIEINT 2 BANEOEFELELRL, FRIEFIHICEI>TRLS L
Lz,
FHRBOEABREIEE—YEBLTHELE2 L EAE L OMICEBY TEWHBBEERHZ Z L %
RLTWwa, £LT (2—-5) RiF, 0=6, x2BAYEOHEE*EWRL THBD, Zingg ® Holy D
RE—HT 2, COZELREEY—VEZOVTRFLVAIRTHY, SBECRINLETH 2,

@ & - HHX

BANIBEANS2E 7 A~BBAS4ELRBCH 3, ZOMMOEOBRAI 2T, BREFF 2 — 131077,
RIBOLTHABRS S E CEHAR E b HEHREDATHZ, BEES 6 LLTIZHEAERIC A > 2&MEL
7z (BERIS2HE10H) . KRBV THARD AVPBEHR LY b MEESLAKLEBEELH S, ZHF/ 4D
VIO THED, 6 7 AUBRIEHXOASRELERREL RS, RLALS, HERIIEE
S1EDETY, DRVOBELELBRINTVE, 20O L IFHEE L L TOA BN EE 1 £/
BHBEEIMELS, TLCAERLTY, M EHOERCHL THRIZIS% £ THME T 20emdD &\ 845312 5>
ALTWENETHS, FORKEFREHNEMEL, BT L2LEHLEBHTHI LI bDLED
ns,

o5 X £

AETIMRSHUHOEHE~ — IHHDO TIBEROERE L B OKER L ORI X 2HHE»
BREFL 72, E7-BUBHER E ENERIC LD, ENER, BNER, +EERLFTCLE L 0BG EH
ST LTz,

EERICESICB I 2RBBOMEEE A VHEX LI EVHICOWLTAS X, SIS, Y HOH
BEBRUEDBE VG, IO L/ COBERRSTL TR, FHEZEE2LB LT £/ > DFEEN
AT —HOTRVIEDFEOTRBMADPELSH L, HEENEL 252810 50, AHEMIZY,
RICE 2 EBOREFEALF I LICb L2, —AR LI EVREEEEROA»OMII TELPLEL
L, RBICE 2 TIBOREERH, MBI LF » 7S0EENMSERNS < B ICEaR VR
Ve —RRIZ/NA IFHERMER 1 E, &) EVRFEZ THHBIC I 2BARINGHFIRS TV EINRTVED
TIDOHEOTBEHEIERTH 5,

DEERPOLBRBCOVWTERE T2, WRIIRTICL 2ERFES—RIEL T B EE, HE,
MTERFEICBIT2MEBLEAENIELAELCONTVEINTHO LRGN ENTRVONEIRTH 2 19,

ZDEIERETTORTEWER TRRIFGOWHBEHDOHEWRR S A TLBDODTREVELEZ
5050, WIINORELBEHTELVLLDOTH2, RE, BEOKRBEAC L) HoE0ERLIW
BEEWMET S I P TELZPRBABF TIII0mOBERIC L 2 BRIFANNOSBFETLI6 b > LI EDFE
TWEHR XL 9,

BHC BT X, BXREMLOTWRTEFARFKEL LT~ ACHRDHORE L it ERsNS,
MXOBEARY, RAMERE2E2»CEEb2BERIDHOFTETEINIETE Y, HHICHETE
L THEZ LS ORED LW HIE RN LTV D TH S,
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RERAFBFHAMRSE $ 335 (1986)

IO 2RO R ILHFIR O L 004 OB RN S BRI —E/N, BB —B L A SN
F—kR, BiMR E—, EWORESHS L UH)I O LWEEEN s Lk v BEEsh S,

B8 2 REABRR TOLWHE OB, ERIER - G, 4L - SO RBRK TIT- 720 #
FTREHRE (0) LHRETE (@ oM 2BOEE~—Y B+524%L60%D+8) © q=C
Vian(6=6,) (C, 6 3ERK) DOBMEHK Y IH, Z2H240.999, 0.9590A8MMRAED Shr-. Z 7
6o=1.5 BEBRMERALIE THE 2 L 2R Lz, 2D Lk, Holy® DR L, BEH OB +13
DEWHRCBRADE (1'~2°) L —HT 3,

MEE - RO REBRX Tk S VAR IZEHIX L D bRZ BB E > RET 2 - L SRR
7253, MR 1IEUEE> T R TBRD ST,

DEDRBRREBORHESL L VEARBROBERCES, BEYH (BN, F) nkikx<, Ho+E0
BRRUES K TH 2 EHE~ — VM Tk £ DHUIREMEIZ RE - 72 8RR L 107 B IE 3 8 AT &
nhEz oz,

51 B X ®

1) EHME 1983 mEicB I3 LK E, FRILHAK

2) {LHER, FHNE, SEBER 1981 MMELWORMEENTE L £20HA T 2%, 256
7K BRER T & M X R

3) BIRE, SRAR 1974 WBIUAFICBIT 2814 07 v PLVED TIBIER, FEKERERS
YR Y Y LBERXE  239~240.

4) Holy. M: 1980. [ifitR—, FLTH, HR  RE—HEH L BENE, HILHK

5) —F R 11963 MERICH T 2 IUMBEOTIR MBS (85, HEB%, 2 (1):80~89

6) EFiEMEYS, WEEFSRER 1959 I, 206 HAERR

7) MRBRBERERS, 1976 BEIS0, S1EEM R EEATEE (LEE) 36~37

8) WMBIREBAMERME 1974 WEILSER S

9) WRRSEEBR, LES LBHR, 797 HAKSH, 1985, EHS LRI HHERATLE,
mEE

10) SRRE 1976 WEABELBOBARMICOVWT FATRIBE L AFEANITEES (V> 8Y
v 4) 14~20

11) SR#E, HEARE, 1979 WRICE T 2 BHESOERNE X —KEIc X 2 THRO B
BA7 2 FR()—RIRKRFERFEEFEM RS 26, 341~346.

12) SRHME, FHRE, 1980 Wi B1) 2 BRSO EBRFZEXI
FEIRIZ DL TR—RERKREREIFEMBE 27, 265~273.

13) SRARR, HAKELHER, 1981, FEHEEERAEER, MEERSERES 3~30.

14) SRME, TALHR, 1985, BASIFEEHBIRETHAE, REMHE#ES X RN
L REVREKREE HEHBE 1~19.

15) Schwab. G. O, Frevert. R. K, Edminster. T. W, and Barness. K. K, 1966: Soil and Water
conservation Engineering. Jhon and Willer & Sons. Inc. New York. London. Sydney.

16) HHTSE : EASIFEE AR EHRBE R K BRI RE LT, KERERABIN 116~
117.

17) Weaver. J. E, 1973. Effects of vegitation in erosion U. S. Dept. Agr. Soil conserv ser. Mimeo.
Pater 2666.

A4 F v LD IBERAN
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18) Wishmeier. W. H, Smith. D. D, 1962. Rainfall Erosion. Advance in Agronomy 14: 109~148 (6)
19) Zingg. A. W. 1940. Degree and Length of Land Slope as it affects soil loes in run off.
Agricultural engineering. 21: 59~64.

EIE FEOBERSH

g1E B B
BRICL 2 BEROERIZ, ZOENOBEL»S, BN, BEK, REKIIEINE, ZOHRT,
BRNERIRREERS DIBEFMACHEARLERE LTRSS 20 TE 3, HILRBEARTKEKDER

% (Erosivity) 3 HBRECEESNLZDIINL, BROZNEE, BEFMOKREEOEZE LT
275, BNZOUEROREICLZ L I20KTHE, T EEARACHES T2BRNETIRNE, BREE,
BRZALF—TH25, BHREOIELSI1F, BROBENWELLEETH 3,

ENHRERO AR, AREOZEIC T 2 IBOMCOFBESHELE L OBBEICBWIIRBRE2ELAT %0

5TH5,
#3 -1 MHARORKE (2000~2500mm) ARE TR PRI R G0 & L TRENE
Bz DOWTEART %,
# £ |8 2 |%°Z% a2 m |lmsco)
Bombay 4 v F 2078 | 18°54'N | 27.3 F2E BKE
Cotamvo | * ¥ Tty | 2397 | 06's4’N | 26.9 1) MEAEOERLEE E BHE
F B e 2265 | 22°18'N | 22.6 BARDAIIZEANCIEETHRES N,
& it 2 B 2100 | 25" 02'N | 22.1 ZOEIBKE[ELE ERMOKREI THRE S &
' & ” | 2462 | 22°00'N | 24.8 LhiTV»g ¥, £3 - 1 3ERVED LM
Aparri 7 4y¥Er | 2312 | 18°22'N | 27.0 HEERKE (2,000~2,500mm) AERED
Tacloban ” 2322 | 11°15'N | 27.3 ERZDOBEERAI:LDTHL, ¥V EERL
Iloilo ” 2122 | 10°42'N | 27.1 FE A GRS DINCAIB L Tw5b, H
Chumphon | # A 2033 | 10°27'N | 26.8 AHEIFFEALC R (Jhig24°~45'5), dhx
Kuala Lumpuri =v— v 7 | 2499 | 03 07'N | 27.1 FOTIEDE 2K DK E L, BAREOHIR
Singapore | v v A A —ak 2282 | oI 21N | 27.1 AP ERLE, FRELLMORRERM
Balikpapan | 4 ~ M3~ 7 2228 | 01°16'S | 26.1 BABIC L DRSS BEND S ZesB2 50
Medan ~ 2029 | 03°34'N | 26.4 o
Rabaul ___»;7_ | 2012 | os 13°8 273 HEEEIZIZEAEDENEERBIZIDD
Guam I. |< Y7 &% &| 2249 | 13°34'N | 26.2 D TEAESANCHR CEL KM LIS,
fomiara ;ﬁ‘i%?ﬂé 2097 | 09°25'Ss | 26.6 BAkDEEEEL TWwb, LHEES,
Geogetown | ¥ 7 - % | 2253 | 06"49'N | 26.7 HeRDSFEEAFIR < RS 1002 T
- — VWb, £3 - 2EELEEHICE T S ERK
Manaus 5 va 2095 | 03'08’S | 26.7 <
. BEOFERARXEER LI D THD, BL TH
Santaren » 2102 | 02°25 S 26. @S IEB A, 0o L@ o
Sao lwiz | ~ 2088 | 02'32'S | 21. ERFREOAC O\ T A5 L I (5 A

z ! 2035 | 40475 | 10. BOEEBHRE I ECBRL TS b0
LRbhd, £7:3 - 13HHE, HEOFE

Abidjan ’:-b Y KT-A 2144 | 05°15'N 26.

0
0
Santos TArErsFri 2238 2355 S 22.5 —6H) &% (12B—28) Mo BoBR
6
5
9

Port Harcour;t-)- 4 .7 2421 04’ 51/N 25. MEOELXEG®TTHDOTH %, V5
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R & D ERNE O, 900~3,400mmTH 5 Z & 2 F AT, FEIX DMBIC LD FERERICH
BYODRENDH B I LBL» D,
#3-3, K3 -23BNEOHMBELTRT DT, LEHHTOBRNEIAXE V,

#£3—-2 EBRABOREMELEEHE {
(1951~1980) 4000
FRANm HMERE E B ¥ i
® b4 1,460.2 211.8 0.145 # 30000
= 0 1,669.0 242.1 0.145 B
-] I 2,665.3 471.7 0.177 (um)
B e 2,489.5 490.9 0.197
E R B 2,374.6 406.7 0.171 2000
i » 2,128.2 527.3 0.248
E & 2,196.5 521.3 0.237
rai &= 2,071.9 489.3 0.236
1000

61 63 65 o7 71 75 75 77 719 81 83
M3—1 HE -L#BBST2BNEOERXKE
# 3 — 3 HRE/KEOH SARMMHEREFAYK (5 LEE

FH349) LA oM SE—3R (£TF
EREFHRTI)

1
= rat * > b
2| =2l | ~| 2

b 4

T

;. (100 | 49 | 43 | 41| 50

Z ™ 65 | 100 63 | 51 52

& R| 62|71 ioq 64 | 61

SREER 27 3 % | 70| 68| 79 |100 | 67

KAEAT 22 .

Rk 1 FRBRTART, % s | 54| 56| 80| 79 {100
FRARIERE .

#26%, 1972€ 1 HJ

®3-2 WEABICBTD .
FERBESHA
@ 15
X
2) ARMNE ®
S ARARIIOVTRIELTE O g
2. ©3— 3 2RHSESY OB A 51 €
B BBAROBRIEARIICRLI SO 5 13
THb, 2EMICIEE, 7, 9FEK LB 13 _% &w
ST 2 HTH B, MEAIEROR 1A]zA]3R]«n]sA]6A]7A]|sA]|9A|10A|1A|12A
2525 ELM3—4DLBYTHD, Ik K3—3 BAOEHHMA (807 A7)

oL EMEENZhEAE, ERHR D A B R DK
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£T20THEH, FELERAR, EFORDCHOIITEML 2HTE, SAE2HEALL, wThd
N ERICBREZRTATHBLTVWS, ERIZIHAOKN, SHIZLOBRTIC L 2BRINHIE
TEOWEBHNTHE, TMESHCBITSANOBRNEIIN 3 -5 W RT L CETEHKEICEL,
HEEARENEOEREHIKREVHOD, FEMBIINTL2HORBER/NEVWEITHE, K3 —
45 b I N2 5, HE, B, BiF, HBBEOBLEEIZAZHN, 0.404, 0.545, 0.542, 0.334
YEXTEE ZHCHBENRLNE L, ZOZLEBBEORARRIFEEL L TRIEMEBL TLE

FEYRWIEEERTLZVDLEEDNS,

HE (GiekE)
(mm)
6HE8A
£ 300 g m 2128mm
i — []
7k 200 -
&g
100
12345678 91011128
AL (BEFNEERY)
(mm)
71>
. 8 REY 1377mm
g 200
7K
100
1234567891011 128
BH (BEEEXR)
(mm)
500{ ZFDEEFELED/IE VK
2948
4mﬁ7 m
FE
[
! 1
& 3001 -
=
200
100

1234567 891011128

(mm)

f& 2001

& 100

(mm)

@2%
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%  47.18 16.37 15.43 8.91 6.32 3.58 1.23 0.71 0.14 0.14

2) /B (F W ® : 10126)
Am®E<0.5%£0.5%1.081.5%2.0%52.5%3.0£3.5524.054.5
%  47.39 23.71 17.59 6.78 3.16 1.09 0.22 0.06
) BHE (F MW M : 33454 )

MHE®EC0.54£0.551.0£1.552.052.553.0%53.554.024.5
% 66.30 23.26 7.64 1.99 0.64 0.13 0.02 0.01

#3—8 BROERJNEEOSMA
1) 81 & (F ™ # : 55443)
AH®EC0.5%0.5 £1.0£1.54£2.0%£2.5 £3.0 £3.5£4.0 £4.5
%  59.09 21.27 11.25 4.37 2.35 1.12 0.33 0.17 0.02 0.03

2) BEQE (F ™ M : 4750)
HEEC0.5% 0.5 £1.0£ 1.5 £$2.0£2.5£3.0£3.5 £4.0 £4.5
%  48.95 18.76 13.45 9.58 6.00 2.29 0.63 0.21 0.04 .0.08

3 B (F W & : 4585)
WH®E 0.5 £0.5£1.05£1.55£2.05£2.54£3.05£3.584.054.5
%  41.46 20.04 15.42 8.29 6.80 4.32 1.74 1.29 0.33 0.31
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MBSOV TERIN LEEONBOFTHRADHDIF6.4mTH D, £3 — 72T L5124, 0mmPh
L OREEITHFTH5120.28%, 1.0mmKEONEI2ED60% L L% DT 3,
M3 22O AMEFTNICL T HRSENIMELDHEFRERLZ LD THS, M3 —18DFW
FCEIZZDRICEIR L 6 ARFWEEIMLIZ12HT 6 TREIEOVTDIHATH S, 1.5ml EORFES
AL R 3 —18 & RKIKR U Z /R L T A RIS & 288 031.0~1.5mm D X TLELEAI &V 2 &

B Z S,

17, 1973, 10:23~11:23
5, 29, 1973, 15:40~16: 40
9 25, 1973, 14:32~15:02
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LEDSHER» 5D E
DHIR%1®/7:,

1. SEREEKE VRIS,
SRR/ XVRETE (0.8mm
LT) 8% EFET 3,
2. BNoOFRERREMC X 3W
BRIz OVLTIR 1 &iE
EAEELR O,

3. —HEHOBERIZOW T
BRI T & B RY5E
Bic#BLuWEksdD,
MoRBALDLEND,

B (%) ———

B

) 2) BERIZALF—
0.5 1.0 1.5 rﬁzoﬁ @2:.5([“) 3.0 3.5 4.0 %ﬁ?@ﬁﬁbl%w%’:—bi
RERNOBRBIATH 2 L
DRETED = 3V F — DIBF]
rLT5z2503, E=
L SMivit={5 SNiDiVi2

M3 -21 BELEmCST 5 HEEO M

S0+ kD EHTEL DT IR
wl cen B gm> B ufﬁj®ﬁ§$@T$
_'_'::: ijﬁ:ﬁq‘ Gﬂ:(ﬁm ]z 20, —HEENLEICE->
20l —o— ® 3m> TOMNMHRR L % OBE L
! D2 d dm 6w | i PR OHENEEL, FE
° —e— #W 6m<
o e THsd, LrLBEsSHHM
buniliol e BT TR &
® 10} AN e T B & OB VA B
o Vi . . ArEionzoTIing
A ?20 2.5 30.?33 ‘.fo o CRMEmE L 2
o % (o) — ' B ' ' ' F—LDOBEFHERD ZEN
B3 —22 MBIcHT 2L EOREIE (1265567%) EHE%5,
ZREIBECL2EER
LU,
E:75‘9II.20 ............................................................................................. ( 3 —_ 2)
ZHHEBAERBL,

ZZWE . BRNOEZH T AN F— (erg/arf *+ min)
[ EWNEE (mg/cr’ + min)
SIEfIEHW2 L
E=8.40112° (E:J/m’ *h, I: mm/h) ............................................................. ( 3 — 3)
ZOoMCERZANVF —BERORKRNZ DD E LT, Wischmeier * Smith*? i2 X 2 X35 %,
Wischmeier &1 Laws 5 OMESADO 7T —F 2 b 212, REMHBICL 28EE (BRI 2OH—LW
WHrols L VHIREDOTIC, BRI ANVF—2KD25%) »5 KE & [ OMKRROBFRSH 2 &
LEREELT,
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S PEILTHA CB T 2 BRRRO KRBTSR

KE=916+331Log,I (3 —4)
ZZWKEIZT (in/h) OWIZDWT, H
» (UEERNE (1 in), B{UmEKR (1 acre) HY
e DEER T AL F¥—T foot * tons/acre * in D
M THb, HLZDFBED ton Tk b+ >
UINbY) THY, 1 ton=2,000, 16=907
kgeETH 5,
ZORE—EEROZ ALY —HERT
COEEEZDOBERDISHEE — 27 BFHE
B L, DEE -1, D%/ &3 {# 4 USLE
s (Universal Soil-Loss Equation) OB
FERTHD, 2 T—EHBER L IKESE
BENMT, ZO8FTNEH Linch (12. 7mm)
P Moy oT, #0REEREHARIZ 6 B
12345678 9101128 RO b DTH D, 121 LBHEEES155
3—23 ARERNTxLF— (nf-t/ha-*hr) MiZlinch (6.4mm) DA EZoiX, —&ERER
(FBFI34E ~484E (D 154 S H4H) LEZL . BPECBI I EHMEOBRT —
ZiE Ly BAETHY, LD EMEERD 3
Wi, TRCRZ2LOBLE RS, FZTHEE 9 XL, (BRAOSHEBERIEE) » L, DR ICHW,
BOEST7FrOR EIfEB S URERFE L, BRN7—2D L Y AIZ—W13mMA L% & 0, 1mm/hr LA
TEERERE L T, 3-23iFzDHo—EMHEDO AR EIfE2KLL b DTH S, 3-238
WTERPEO HEMMHE2RERT 2854, SR HBELHK T2 8 (58, 68, 7H, 8A) 3%
AEED RV, EH (118, 12A, 1A, 2A) BEBEOABCLLEL EHIEOHESH S 2 Latby
2, BB RIAFHNCENZIALVF —PEVIEERL TS, BRI ALV -2 KE L DORET
HBERI-IDEBOTHY, MBEIEH, FECHENZ ALV —HEREVBBENERLIVLELELZ
%,

200

100}

WREAE A
a.”

50 b [

20F

— N B

e—-FR 784 (&)
—e —HE 114 (# )
—e— =l 682 (7 )

1wt L

&3 -9 BHOBWEMOLE

USLEX ®R{HE

BLHIAR (1955~1974)
OB 2,123 80 2,092 84 774 99
= ey 2,490 93 2,437 98 682 87
& Al 2,666 100 2,493 100 784 100
H =R 1,460 55 1,371 55

¥ RBHTE ! BEIAFZWNE F655 [BNRBOWUEM 2R TRNMBHKOREE] &
nEIM

B S LB IO TR L RS b £ 1T, MEOT AL F —CE SR B TR AT o o
BrEORRILODZFN LD, BENKRTHL L L, $-8H " ZIERHFORBM B2 EIfELRT
LB LOBEE»S, EIMEOUFAEREAMBELTVS, ZOZEroHEBXLA, 28, 4 %KL
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2TORBRRPFL Z>TWE (K3 —-23),

3T Wischmeier 5O XA NF—HEREIATRL 72 & 5 CTREEHBEEZREL-BERCIZ DL
ENTWBY, HRPCIEROEDLS>CHEHEEING,

XHEFONBHRIUIEES 1T L B,

1) zar¥F-—HERXDOFEFHE

MERIRE & IO AR L OBIR 2 BT NIERTSE Y b L CBR AL ¥ — OB E TR L 72 5,

fD)=AD™E ~BDV e (3—5)

£33,

ZZWD:WFEE, A, B, m, n:EH»5KDBEHK

DL EED~D+aD OMFEDO/INKIZ f(D)AD L2205, HEMEEYD OB I

Af~Dre P gp=—~_ plim,

ThHd, I TEBEOHRNNEEIX Dnax=6.5mTH 2 BH LBRE L L TidoE TR L 3,
E 7 ENEE DI

—(BD)?

_ o D3+m
(oA A

TRbE&N3,
ROTHENOEB TAINF —FOEDLIS KD 2B,
D& T HE X —# i
Vo KD | ceveeresereeenee ettt st sttt ee sttt a ettt e eas et eaee s (3-17)
TRbEN 3,
ZZICK, a:fFEK
%ofﬁﬁ@)ﬁb_ﬂmw— (e) i
ezzmvzzTZ_D prD :KD ............................................................ (3—8)

ZZICe . M A ¥ —
P, KDEE
K:7 P, K
HOCEAIER (1nf), AR (1 h) HOBNZALF— Et(J/n’ - h) id

Et:Af:KD 3+2a+me —(BD)" dD

— AK
—W F(_’lgzl;’im__) .................................................................. (3—-9)
(3-6) Kky A= FREC .|
r 4+2a+m
- Et= ;Blg" E = ) ) e [ ereeeenreeeee e et e e n e eee e aan e eeaas (3 —10)

FoBUER (1m), BUBNE (1m) %YOBRIALF—KE(J/nt m) ik KE=
3,
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SE  pEILEH S c BT 2 HIERAOEIENRE

r7 9 KE, 1, BORFRRsE»LNT,
BIiIMEREEIC L > TR T AMBROMERTHRETH L2051 L BOBEFEEAS I Lk KE
EROD I EHBTEDS,
(3—-5) RATm=n—1DFEEF7A 7 L3HERDONS,
IOLEVEHLEEE (D) LV REONFEEOEEEL FD) &35 &

Aé(BD)“

F(D)= [y fD)dD= -~ —55—)

D

—_A BD)"
4_n_Bn_e( P P (3 —-12)

FADOXMNE % &5 &
B S - T, PP PP -
INF = INgp — BID™ croverrerrrsesmsssrss st (3—13)

r2, D"k InF N EREFRICH D,

IO EFATIINRESEOER LD, BRI ALVF —0OHER 2B L8 TESE, ZOHE
2LUUTICRT,

(2) HROBRZAINVF —DFHE

FHEZIWBOBNIANLF —EHOID, 1) TRREAHEORESAIC OV TR EMA THT,
AR OMPEICOWTFONHEEL bLAFARTA S LREL 0 EOFHTODHTRT A Ty
RN X EETD I EBHELITE 5T,

MBEO 74 7VAFESORIEE, (3-13) RIVEHEOEED L, D"OEHnE2EZLS L
kD, HEIMBRIOAZVLTEEOBEBOREHEEF £ D" DBEFRSIZIFERTERDbEIND Z £ 2FA
LTir>oT,

XTI -WTHHEON AL A5 LEE I mEBOMBOHEDI2ERILITLIE B THE, - T
BRI ANLF —2HET2H5ERL. 0mU LONEOSMBNERLEREZL DI E8b0 5, £2T
R 0m B & U°1.5mll EOREHOBE L DBEFBRTD O n DEEBRIET 5 & n=1.527& b & <&
BT b ol 27D £1.0mld EH X U1, 5mmll E o RREEE L OMHEBEREEED TEL %
nZ40.998, 0.999TH -7 (K3 —24), %> TRHEL OmPA L% 7 A4 7VSMIEA L7,

#3—10 SMWKIESM  (126,5567)

MO (om) . . - . . - N . .
DLLE O 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

D 0.00 0.35 1.00 1.84 2.83 3.95 5.20 6.55 8.00 9.55

O,
%?E@;{?) 100.00 37.22 16.13 5.82 2.99 1.24 0.52 0.20 0.05 0.02

[8)
;?:jg%;g) 100.00 99.36 92.98 72.91 57.77 37.90 23.09 12.00 4.32 2.45
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FITHEZBI BRI ALVF—DHEE
FEBUTORED S EWZiTo 72,

wl N @ (3-5)RDmnOBEFIEm=n—-1
N (74 TV H) THHDT, n=1.5
. m=0.5T®3,
@ MHEOETHEOHERDFKREIZ
e 1r Newton OEFANZ L Fzsw, a=—%—§ 7z
logF =1.381—0.32D's VK, =4.435 U729,
r \ (P71 SmlLL) @ MxOBRIEEIC DL T EROA®IE
& R r->TBOERRDINE T & OBFES
D=1 onmll £) RLIDHE 3 —25TH %, BT LD
r =0.998
\ —L-=0.5+0.540gial
0.01 ;0 4?0 610 810 1O.L(;
D s (mm) 282, f£->7T (3—-11) RiZ
3 —24 FHEORNRE
KE:wa5+054wngx443h<é%%7
:1962(05+05410g101) .............................................................................. ( 3 ._.14)
L5,

ZJZWKE: J/mtemm, I:mm/h
(3) Wischmeier 512 & 2R T A V¥ —HER & OH#K
Rz AL —BERXORENL b DL LT Wischmeier 512 & 3 RA»3D %,
KE=0164331/0g o] ereereerermmnrmmmmrnnmrrisninitiettiiititiii ettt (3 —15)
22 KE RXERBE D (in/h) OMDOWT, BEAENE (1 in), BUER (1 acre) HDOEN
IRXNVF—T, foot-tons/acre  in DEATH 5,
(3—4) XESIBFTRDbT L (3-16) KDL HWX% D,
KE=11.9+8.7long ................................................................................. (3 _16)
ZZWKE: J/ntemm, I:mm/h
wE (3-16) X%
KE=11.91+0.73l0g,o]) E B 3 1, BFEE ] O ANV F —~OHEEFZ( )ND logl D%

BekEEENS, I=1m/hr DBFNIALVF—%2E, £92L (3-16) RicBIF2 KE &L E, DL &x i

GAZ%:1+O.73ZOng ........................................................................... (3 _17)

—AHEOBRNT AV F-HENG (3-14) A»5S
KE=9.81(1+1.08l0g,]) TH 3, TORIZET S KE & E, DLE & i3,
&o :KTEl::l+1_0810ng .............................................................................. (3 —18)

UEDZ IV MBOBRIANLFE—IZ, 7TAVAIDOFNID YEREBEEOFENHEWVWZ 5, €
kESNIBRIANE - LBEREEOMREYRMET 3 LXK 3 ~250 L 5k, WBOHERBEED
MOZANLF—RBERIEIBDOH» S,
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SE LTS c 8 2 BIBEAEO EIENHTFR

181 £ =0.5+0.54log I 35l KE=9.81+10.6log, I i

% 30[- Wischmeier
@ Hudson
2 o5t KE=30—1&
L
¥
' 20} =K
(KE) KE=8.40T o2
15
e i . st . . L L L i
5 10 30 50 100 200 0 50 100 50 300
B3 -25 BERHE (1) &40l oW B R (D
M3 —-26 BR—ALF— (J/m'* mm)
L REFGEEE (um/h) & OB
E5H X &

DLERAR7Z eSO UTOEBICOWIEETLZEDEDLIHIIR S,

1) REAE

HEOBREROEMN L U FEEIZ2,000mE B2 255, FLXOEENITLLERLTE> b HE
T2 enbTond, BLCEAEERS - T, WEELREXL, BKRKIZ, 2,000mx# 2z %, 19594F
~196YEDHBOBER T — 5 — 12 L 2 L FRAEANDEWNE (5~68) OMesE#M (7T~9A7) @
WMOFEGEXRIZZNhFH0.24, 0.23TEEH0.47TH 2 o, BT OERKEDEZ DI B L OE A
IaMcEASNS LR &I,

Al AREKEOFMEBIOREE L, SF, BRFLO/NEL, FRENCEBEESD S L
25, £7z, HNEZE, 10mm k, 30mmlAE, 50mmld EOROHBBEEOEFIEZESH, EEICHEAE
was, EH (11H~2A) CimtE s Tw 3,

2) BEREE

BEfEES, BT AAY 2RI 2MBE OV TEETZ L, 1mEABONBILSED60%LL
ZRLTED, BRA, AECL2MOBESIBCOIENEETHSL, - ATWHRBKE TGN
FHET 5,

1. Omm AR OHIEO A5 MEEORFHEMEMIFI L 200 H%2H5 LR (3 —-18) DEBHTH S,
INSOGMHEME T2 EZROMNT 2 LB AMA L TN, PREICBWLTRLZD, Niederdorfer
DEFDFHD L ERENDL, LOLEAS O ERFAAEE > T, £72 Laws and Person?
DOHHIZEIFOTNGH0. 41T £ TEENCHIML TB Y, FOEEBTOE—FEIASAZ L, Ll
%535 Marshall and Palmer & @ O3 4F X855V FHAON (1.0mm~23.0mm/hr) DWW T H1.0~1.5
A FOMEOEMER D2 oT0E I EERLTWL S,

BRNORRBNC L 2ZFOSGMIIBVWTIE, EEICE 2WOKZESMALI2.5mmZE L EOBEICB L THO
THIDELLAKRTHBLAES -6 LDEREIEVEWLZSE, L LER L 2MIE—KANIEED
RTRETHDENZ LD, BROEERMEZHRAND 2D, GEFRE, BRECLZ2MEL»SEDEWL
N (FHREEOEY) 22hFh—23FoRY, FRFNOBEORBELE2ADZ LZ2OELOIZTL
WDIZRD K, ELICHEREPRHIFRIC L 2MOBERMTEBL <, ERERORPROD 2 /M T100mm/hr 2>
S53m/hr NERBBICELZBHELHD, ZOFTAHALZBOBO TABEALZERZLTWE I ECRE, Ly
LB oMWNEER LV REORBCXRERENSDT, BAERE, HARMYD OKRBORENROE
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KRESEET2LEzo0, RIMNERONOHEFT L > TERBI LR ThE RSB VTHS ),

3) BNZALF—

BRI ANLF— Bl TREBRTC2E I ITNBOMEERBLZZONBEOL O ANLF - LD
LbOTH27:D, MBOKNESMEBWNEEDLS, BRNWCENALVF-—2KRDEZA 2B R L, L
L, TEHRELOBFRICEL TRSBECHRELERLILEND 5,

Z DFEK T Wischmeier 5 0 EI B+ 1- L BIR D 5 1 TH D KEICH 1) 3 USLE RO R ED
BECHENIZDOTH S, XKETO EIEOEEIZH 2 —EMEUELDOERE (4 inch), HURELY D
BERE (mn/hr), BREE T5) ZHLCLTWEDTEANICENEE L OMEIEN, BBETI
INSDEREIBRTCLOBEESANNLT - DERBAD LS SERNRL2ERILENH 5538, HIE
TREELE L, ORI 1, ZRVTHELLEHOER 9 8552 2 L 2BN LIz, FRICE D 2ESTY
FRO RER A% &, T00LA EOMAIZHIE (1,097), BH (784), B (774) O3y Ths, £33 —
9P 3 —23Td AL I, BBOBNIZIIANLNF—IEELEL L OAEEL2 D DLW HTHHYN
THDY, Erosivity WEBHODTEWIEEZRLTVS, ¥/, BRI ANLVF-DEHER*MRBOMHED S
ik d LIZFHFEHEL, Wischmeier & DEBRR LKL TAH S L WBOBRNIALF—F, 77XV AIDZ
NEDYENHEEOEENKTHL I b ol, §LERBONLIAINF-BERLLEETT S
EERORE/NREEZRL TV, HRBOEFEAIZ Wicshmeier, Smith %, Hudson DR & %
FUCHEEEZRLTWS, WBOBERNT AL F —i, 17mn/h LA ET Wischmeier 5 D% LD &, 50mm/h
MU ET Hudson DfEL D K& LD, BEEOBRNOIANF—RRIAREVLI LD 3,

51 B X ®

1) Blanchard. D. C, BFJRBAFR 1 1970 & KK HHR AHEE

2) Burnett. A. P. 1958 How intense rainfall affects runoff and soil erosion, Agricultural
Engineering, 39: 703~707.

3) BIRSE, hoReF, SHB, =&8HR— 1973 THEBETEWHERSE $175

4) FEFMESR, EASWE, BEEL, MHER 1984 BRI ALF-—EHENXN BT 2005, BELKH
XE 114 1~13.

5) BFMESE 1975 WHROBREREM 3845 WRAMBICHS LHBRBEOZ(L LK ICET R, X
AR EPTFEHR

6) LEEERE 1971 BB Z2EMIZOWT FHRERKRAERE 25 110~120.

7) Hudson. N. 1981 Soil Conservation. Cornell University.

8) BB 1975 WHRAB(TLCB T 2RBKEOHEN, AFIRESHK "R 22 (2), 27~31

9) Laws. J. O, and Person. D. A. 1943 The relation of raindrop-size to intensity. Trans. Amer.
Geophys. Union. 24. Part II , 452~460.

10) Marshal. S. J, and Palmer. W. Mck. 1948 The distribution of raindrops with size. J. Met. 5: pp.
165-166. .

11) =Pk © 1951 Wi§ e 1BRA BERMIRRE, A% 1 SERAERERNHR

12) Neal. J. H. 1938. Effect of degree of slope and rainfall characteristics on runoff and soil
erosion. Agricultural engineering, 19: 213~217. (3)

13) ZE= 1981 MEXVYYRA7F4A 7T EHEE

14) HBLRRE 1974 MWREKSHMONER—EABEEHREH £15
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15) WK EEER | BRMEERWNEEBTERRESE

16) §RFR 1980 BHiRERHEHREE 2 WERKESEERBHKER

17) R =R, BFEEDE, B5H%, BIm 1971 v ¥ —MEcET 283 (E1R) LUOKRFELFE
LREFFeERE 22 (1) 27~36.

18) BREIEEAR 1981 WHEOBMERME 11~36. MHEZBEICE T 2BERAKCET2HEME F57THER
FEIARFESAMNZTH Y v RY 7 A

19) EHITHE 1976 BNREOFREMEE2 TR IBNEROEE BELIARFSRIENSS 15~19.

20) EHER, RABEARER 1982 BAREOFBFERMAME, MREM . — FE19S HEIRE 21
~24.

21) Wishmeier. W. H, Smith. D. D: 1958 Rainfall energy and its relationship to soil loss. AGU,
Trans. 39. 285~291.

F4E EHEV—COMRE - 8 RSN

ElE B W

MR, ABHE, AHZEELQSTARKYEIMEEE E BRI Lridn, 1,000knic bE
T2EMTHS, MEERZIZZZOPHIMBELTVS, ZOBMOFTICEEN D BXRIZETNENEH
Hnl, HEEBRLTED, 2070 HELHTRIRLICAS ZVERZ M, BETEEZL -
Tw3,

IR T A FR TBOERIATRL 72 £ D W HBHRICKS (RS ShRRBRO—
YIREROY y—H N Thd, v—VFHEHM (7—F) LB rhTBD Y, BBEOILIFHRROEEICA
Z2E+—4EFEHOEBOLOE (FOHEDOHZNEE) —rOMERY v — VO IHAEENRD 75
BOOTFELEHD, ZOEMOHRIIHESH TR,

RSO TBOSFIIER T — YN LSHMEED41% (15,757ha), EE<—IH31%, ¥ v —AH
18% LT, ZHrELHEE (224,543ha) IO 5HBHETAS &, HET—Y055.1% (123,665
ha), BR~T—Y527.4%, Y+r—H L 8%, FOMI.S%ELZ>T S W, LEHBIIOVWTAS L,
JLERHATERE (82,136ha) > LEEY—YMNT8.T% %D, BR~Y—Y11.5%, W1 8%DIHL L -
Tw3,

COBETRTELTCEBEY—Y IO OWLWTERT 223, BHEEEOLDMBOLBIIOVTEERT 5,

E2H - BN

B EESE m 0AKT s R T 2 EHEE2ER L BRENE, ERYOotiEs LU
BRERA IR A I & > TREN D, R MENICIRRTIBICETT 3 ZHOMEBEIC L > TH
ST ensd, IREREEDSIECIH - FAURE (WE), SHER (P BLUB=RE (%)
EMEA TV,

BB E A BT 2, AR HEROHBH VR KBELSRY, BAR, &
EKE, fivh, 5%bE, FYEE, FREAE, FIE, WMEBILK, BRUZES, TEBL L EZER
2ET, BItloTRBERIICObTFLLABHLTVAVEZE20HD S, BETEBIEIE=
HEB L UFNUBOECHIEL S R 2E=ZRFICAL T,

BB AL ERMIROMBIIE 4 — 1 2 CRT LH 1, BELOEBBE L AFERE~=BRROAE RN KE
AEEDTVLE, ERBIERE, TiE, WE, BESOoEB»o2Y, HERBITHE, BESH
B ggyppet gERTel SEREOHEA SR D o T, AFEECEEENR, FEROBKED
57 B HRIRERE, SRICEBLIURE, BREMSKIALBEBELET 2, BT 27—V IN50OM
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