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ABSTRACT

Estimation of the soil loss in the watershed is an important index for the silting
prediction of reservoir. Erosion pin measured by manual reading has been widely
used to measure the slope erosion after rainfall events. Limited by the low density
and frequency, those data are difficult to conduct detailed analysis relating the major
factors such as vegetation, slope angle, slope length, and soil types with the rainfall
characteristics. ~ Moreover, the installation of erosion pin alters the run-off
conditions around the pin and induces deeper erosion around the proximity of the pin
than the slope. To overcome these limitations, a non-contact sensing module using
pairs of ultrasonic distance sensors has been developed. The module is integrated
with communication and other electronic components developed for Internet of
Things framework and the data can be continuously upload to cloud platform. The
system has been deployed in the field and the results show that the module can
substitute the erosion pin and those continuous data can be used for advanced study
on erosion mechanism and prediction of soil loss in catchment.

605

B 2R E SRR R 2 i B R R A At 38 B FE R

RAINFALL INDUCED SOIL EROSION ON SLOPE SURFACE

Chen-Kun Hsu

Disaster Prevention Research Center
Sinotech Engineering Consultants, Inc.
Taipei, Taiwan 11494, R.O.C.

TR EE e R

2 SRR

I sy T TR

3P Rk & pl T AR [ SRR g S T A
4 PR &Pl RBR I R R e 1 T R



606 AR AKFI T2

il

_‘ﬁﬁ

T |ﬂ§ﬁév%“iﬂ¥p [PV RE > g [ PRI
TR ERTII ’r”iﬁ*t"lkﬁ[a‘r‘%ﬁ%ﬁ o [ Ry e HI
ﬁﬁ FONIE B ] 2T 0T 5 PR T
b el o N A b LI il SE e RN PR
BT+ R Y PR 3 8 A a0
GRS S g b e s 1R B SRR L SR U
47 erH”‘E[‘ M R [P RS A o [N RS |
?@/puﬂﬁﬁ ﬁffi’riﬁﬁ P T I A Tl S SR R e
T TP o IO SRR 1 By 3 PR B
R (- b 2 ﬁ"F?F’*fJ“’*EI?“’u"Jﬂ Fem oy
B B %}E, J‘?lff E O RO R e

Fe Ty I‘?‘dﬁﬁ Tty - WIFERREF
SRS SRt Ff“f-:bfﬁé%ﬁjﬂ > ﬁ?é?ff#.i‘-‘fmi%%bﬁ e
GEREF™ I By gl BT R & T 4 B R
LSS - St -SSRl R S e S T SRR ol
SR EEt C T BN (PR 1 BT o T T[T (et
Hh) Iz Ad N R T RPN A o (ET PR T
Rl N é‘T*' (LS R R U q[% ERET RN 2
I IHEY E] - o T T i S R 1F"9EH ol El > I
BTV HIE BT D S B R E ?‘??%F%H B
SRR 5L, l/;]g.ﬁ”

B ,[,1’1119?5" '/#’J‘iﬁﬁq{t} (internet of things, 10T)
ROHIREEAE (7 I (RIS Vo o SRE T R
%quﬁaﬁ: (microelectromechanical system, MEMS) /&3]
%E'E—ﬁ’ﬁﬂﬁfg—k‘ﬁﬁ‘l/ féﬁijﬁfu%“ (Micro control unit, MCU) £
%{@ng Fof: ek (ultrasonlc) RRREROH N 5 JE}[%B%.}
Bkl L l::lh YEU DA TICECE F;m%*—f@@g:ﬁiﬁﬁf B "fﬁ%—iﬁﬂ—r
B A R R e zg,qFfE PB4 R
JEHBE - ’E‘l $Eh T PRI T T B
BHEIRGE - B iq!]ﬂ Eﬁ[f"lﬁ'%?ﬁﬂ"*ﬂ =4 xs‘kl S RS A
AT B f**?lﬂ PR BEEYR 2 30
A B R 1 T |&1%f§§i&“ VST (g B e B
SMRE L ’J"El% 1<

=

CERECTEES 1

B #=1+—% HtH RE-ON\D

=~ XEREEE

2.1 TIEHPEbERIG)E

R Ry Ay P L R 0 S Y i S B
2R AEE AR g SIS SRl g NS R
= IR E IR TR R o Aol
RPN P AGE G (B T iﬁr‘?EU CE R R T HE
- TR T B RV B S [ R FRE - i
Rl 1 2 g ey 4 *‘iﬁiﬁ RRNTN A N: B M R
S AL R AP B R 3R R
I’:’ *L'JFIFJ f{g "Jl:lﬁ

il [ﬁ;ﬁjéﬂ&/%L [ BB S ETRUR S [
RS =~ [ o > PP PO 2 SRl B B Dadson
etal. [1] FEEREARES R e 7 735 4 Sl g 59 3
~6mm e 4 SR EisE R ﬁﬂﬁ?géﬂl | F‘EJEEF%PEH{': ’
et I g Rib S o N 3 3 S R A o b P B g
qmﬁLFW ##5(mw)ﬁwv1§wqi[ﬁ[

BHAHS 4 mm i Ty ﬁa‘%}k[ |G > i —'F_? 6] Eﬁﬂjﬂ Bl YK
K 4 mm Lk EEAE e - Wischmeier and Smith [2] $R4 i
SIS Ty B 1R 12.7 mm » EVSRE8B F RA 6 )
FI] Bt B PRy o PIIEEERE i e o T 2 e
%, 15 5?%r~ £l 6.35 mm ] PEﬁ FEEF I CIIRE! [?ﬁ
Ao B R R TR R R -

22 TIEHhehERITE

FE A [3] K2 S e R T R B R
(direct method) ~ [ Jf[£13* (indirect method) ==y &t i
1= (erosion model) 7= ¥ > E I E EHIENE E R E
B R AR ﬁq?ﬁi* * ‘J%”ﬁ”?ﬁ B &
BEER & ST & 7 4 R BEET (o AR RN ™~ 50 )
A S BE B A A (P [4- 8] LIbS EET‘YEI fill &
(photo-electronic erosion pin, PEEP) [9,10] ~ & 137 ~ $ 7
LA [11-13] » R HESYIIENE [14] f"iﬁlif??ﬁﬁ'%ﬁéﬂfﬁifl'
Bl o AR A A R

FUE B IFi'J[*J S FIREASAY IR > [ i 4 1R

Ak i&%@ﬁ' RUGE[S - S gl = Sy pu 4 7p 4 TR
@i@ﬁiﬁﬁiﬁﬂ?\’ﬁééﬁﬁq » EVRI S S a2 P AR
PR > SRR I R A e 4 R ﬁ"‘f‘féﬁﬁf gh [~ R e
YRR 53 ff) VTR -

2.3 iiﬁlllbii*ﬁé%ﬁﬂt
e e Y 5 A R AL FI PR L Py - SR
(AN E Sty SPLTER = PR U RS J.EJF{‘J
Hﬁ?—:{g?ﬁ?ﬂﬁ' A e E ATy N FREREIAY L, Wischmeier
and Smith [15] {5 Sl L g ReerR R4 g 2 2 1
g =4 (universal soil loss equation, USLE) » USLE Ts{fj"%ﬂéj
FE Y e RS SRR (T
=4 SRS R
ﬁ%?ﬂ@ﬁ@‘4ﬁﬁﬁﬁ@‘%RW4
BEFRP RS QRS

SN 27 NSRS
By P ‘[

R



1L - 3RCE - AE48 - MAB) - FHRE

Ap =Ry xKpxLxSxCxP 1)

S An b 4 KR (REES R F) R BB
B Ko i RGN L WRET S i
C*u?ﬁmﬁlmw?mw B R -

P R 2 P BRI B 1 8 B e
(e BB B R P R PR

a'“éﬁ” IR D0 BT T P
BT TR (F 2 B [T ORI S g

;UH Jﬂjjjjﬂ{%ﬂ,?pl'#lﬁ*[lj%ill—bﬂ S ™ B AT
%liﬁ P ™ ‘/itlﬁﬂﬁ" %ﬂj

= FEREETCPER B R R

RIS R OGBS R BN AT IR S AR AR
PR (™50 st iy o e el R A PN F’Pﬁ%
’F‘#*F%ﬁi?;?’ﬁw?ﬁgﬁ‘*@ R e ™ 2 o i R SR
Eh‘;—:" TR *1/ A @ﬁl;ﬁ.}’@@ﬁﬂ{ 1T H[| E;J [oil ﬁu:yggu
By Es %fﬁuj T HRSE R ;F'*fl“?‘"“ﬁkl #Hl
(R LAY £ W B (BRI A | ji’li’f" (JpHEEe- 0k
FNT) VAR O H[Eﬁa_[”‘yiﬁllaﬂ&%ﬁ@*ll}?* I
A FUE [ R R [RH T AR SR R R -

A gd":wﬁu“r&ﬁ['@ﬁ'%u (client) ~ HizE VRl S & B8
(gateway) ?%tﬁuj 71 (cloud platform) = A sYy > RIS
i]_l—ﬁél%r'gm[%’:&ip# IJ:&icp%‘u @;J gvgbl_ 7 IR =
Lz et ioagl Eﬁﬂ%%é?ﬂ?lé'ﬁ o RN T B
T L SN EHORE R T & B8 ] Eﬁ[ﬁ"iﬁi‘ :L*ﬁ ol ey R
5‘%’|5ak‘%l*ﬁ‘[ | EVERE (7 RS A S M RIELY B

PP g 3 R AU SE (7 3P

|

=
4

3.1 RFNim (Client)

RO 1+ bt + B FRIRA Y MCU A 1
IF”W%UE};& FERHS BV RUE AR YRS T £ Arduino > &= FF
REHE *ﬁ%ﬁfu? [FIRR ORI - BT AR T bA

oS - o ‘“EPEFH/EW [UENEES %] 18 SPI-UART

12c % GPIO SRR E BT {ch;VEfiE[I%‘a’l%ﬁ]uﬁaEfﬁi
A ﬁj FLE! |iﬁ R IEF’#—*] 14 BEEF IIEAS ATMEGA328P
FF#[ B9 Arduino UNO -~ Mega » FL# Linux fiv Raspberry Pi<®
$Li ESP8266 il V' LUA ~ DL [Ifg 2 75 -
SRR 2 ORI -
fﬁ%iﬁﬂﬁ‘“ APE 7 R ”—E@EW H - RS FR

P E;I]Eﬂ
G

e
i
{ ‘ -i -‘q<-¢.

(a)Arduino UNO

(b) Raspberry Pi

BIRFRIE TR RI R IR LR R S B RE A 607

S RCFIZEEED FHET > R AR T ﬁ”?**ﬂlﬁﬂ“%“r‘ﬁ' T
o EARE AT BN e R 0.5 mm > FRF ] 2R
T pF T A E T H@;}F@f 0.1 mm > &M (el A
R RV B3R BDEJES[EIT 20 ~ 500 cm > E R
HUPE 3 Fr= o 1 Wﬁlﬂﬁiﬂwm PR SEEER T
SR T T @W%ﬂéﬂ?ﬂﬁ“l@fﬁb'ﬁl R
D A RO Sﬁx—ﬁ& » BUHEN T [
’M‘@*’FE/% I (e B P (5 3 > IR R >
HI IR S [ B [ 3l BRAES T UR.

H= (T(;T jxv @

sound

EURIUH R REFER B D B  TOT “ufe (7 B (travel of
time) ~ Vsound {i/@ﬁ Wﬁﬁ‘%ﬁi{:}ﬁﬁ'ﬂ/%}’ iL_E-TP ﬁ:nﬂ\lrl— |::;
SEEER R - )T [FIE R 7 B R A R
£l (Ah):

Ah=H,—H, (3)

# HIAh" v A VRIED - i RGBT S A A RV
BE~ Ho u’rfME'i'ﬁ'@Eﬁ'@‘?E SR S ] I ¥ R o

il 2 ERF BB 34y R B EIRS LB SR R
%‘&?g‘gﬁﬁi’ifﬁ‘li@ﬂ\j'iﬁ' t‘[?ﬁ'ﬁj*ﬁ” & 2R B
(reasonable data point) 1/ Bl » 1 T3 2 [ Ty i A A ¢
GREE ML @ WIPnﬁqWﬁﬁf’]ﬂ:“m@ﬁﬁ REEES
T I R AR 1 A E"’fff'*’?l R J_FFS‘?F‘[IE*H’LJ%?
$HA] TR k#ﬁ;ﬁqt{ﬁ”i{ VAR L AR
TRALYN 4 e ROHISLE SR ) T R Ry 30 ~ 40 em
T g )ﬁ]’fﬁﬂﬁh?ﬁ' FIERLE > 91200 cm 7 (8 R

o EFRE [ B 2R 5 5k A BN f%’éi%f?ﬂ"ra,
 EHAT T T i B wﬁj B - A
RIS R B 10 7% - 38 IR - ! fo's z

T3 7 O 1 P R R EER ] ﬁl%ﬁ?%m#l}%w%”
W %gmﬁrgrﬁq,ﬁ;sﬁf:,’*'ma[ MR e B RS 4 '?
BSF TR LA il (5 570 B ASGE R Ty 12mA =7
2 PR B 7 90% VL

el e AL Y ST (W AR 5 e By
B R IR 5Tt 8.5 % 5.5 x 5.5 cm > HE A TR
AR %EIFq7%’5'?“5%’“Eﬁﬁfﬂ%ﬁﬁ'i"’ﬁ”f"ﬁ”f‘ﬁf“ M
Bi- 5W ST - m—ﬁ R Yo IS 9 4
Jﬁﬁrfﬁ FURLEITE" 3 GOFDARLE [y 0 PRI T ”WEW
E;]: YgiAE T [*T%thiﬂw&ﬁHéﬁ 7 v B"IL':EﬁF

(c) ESP8266 D1

IFI[ 2 Elf fﬁﬁfFV}ilt[tlﬁFﬁ (N4 W%



608 FETAKHIREN F=+—% FtH (RBE-ON\H)

Transfer Data

r with Radio Waves
(-

Wireless Ultrasonic |
Module SensorA/I -
Distance
- (Trauel :f Time) X Vsound
GND
Ah
Anch — GND' *
;c or Detectable
art Area

3 2 A A R R TR

Ee
EREHE

FaYAREREE A

ez EA
EER{E S

miAlgE2
SETTRERR A

HiAlEE1
SETTRERR A

2EE
s|+k+100cm?
SERESEEBIE

FHEAE

SEERINEH
TEE R R

FEFFRERE 1/ EF

MCUE 2 FERRAE S
[ 4 24 o M SRR R RIS R

FRE TR R R D REE D
SRS 7 P B -

32 MEFEHEUEE (Gateway) HERFER
(Cloud)

AR B A Tl LR A T A R

i e e B e D = A SR B Y St T H 2 B

BRI R RS ~ = S VB (WCDMA, 3G #4818 »

AFGER I (LoRa) 2T micro SD FT+HER! - Y

IR et =2t €3 9b - R = BUE Y SD AT E

(a).

o 1‘ N
a_m;uun‘-_l
L

€ € D8 TH(AE)

fi' 6 SLudEt TR IE () FraLE (b) P

i

R0 » [ 6 Hu 87 WIS 58 0 B P A0
S I -

L PIRD EA TGS H R B8
SRR T R R S B B

[ VI'IIJ =
TR B U5 B B 2 B RIEEDE (long



B{LE « 3RICE - AEHG - MAB) - FHRE : BINRE IR PRI R IR B R R SRER 609

range low consumption, LoRa) ﬂ?ﬁﬁ%aﬁ [ AL R
R AR iﬁJ%ﬁ\,nJ/%ﬂ* O & 3T
AR RTE R I BN LR IR B
BE (node) [ =2t £ Al AR - SRR R] RS
IR 7(a) Fre s A% Matlab 2w TR D Ay
ThingSpeak.com ! ﬁF/%”I‘E”'g%fﬁu—F& » TS fﬁ Sis
IR SET ARl 3 0 #15 (channel) = AIJE = Bl 3La%
[e {0V Gt - INIE 7(b) FTS

v EEAR P ER BT AR AR IR RIS A R

41 WREEASUACEMRMR
TR A R T A A TSR

- WG 7 0 2 B BRI RS A R
B B

AR (T I B R

ARy 35~ 45 W > FUEEE( 5 fﬁﬁiiﬁﬂgﬁ%ﬁ (#1%% Node 1~ 5)
ﬁ!iﬁﬂ{* WE W F e B R - MR LS
(gateway) pIh [r B B ES U AUE ARSI EIYR 8

R PRRE N T EE O] AR N A B - S
IR Sl D— JEt (RIS EA-01 ~ 10) » IS ssufsiad
I AL PREERE S 53 I I Ry A [ Fé' "%‘J"‘* HHIESED-AE
mﬂﬂil}] ,ﬁ’hﬁ\@«ipuﬁmwrypu N El (i;pﬁgﬂ 9
F) o ) S ASMEE ST~ Tl SERSRIIA 1 S 'J
W EA-02 Sl #Us5E Node 2 > it EA-04 S
HUELE Node 3 - Jq'fi5+ EA-08 Sa #USLE Node 4 - 3! éﬂ'
& EA-09 "Tﬁijﬁﬂ"' UsiiE Node 5 » 371" #6451 Node 1 il
HEHUERA T B P ROR A SRIERA (5 0y o Y A S UL

7T 106 7 7 ;JLPW}? A 2 (AR 0
AL 5 5 30 ST ENE (7 - I K
IR AR v

B > iy g
9 £] 6 [l

(b).

. =)

data location

» o
e

B 7 S () G IRV (b) #5771 (ThingSpeak com)

[l 8 AL AL P £ l??lﬂ



610 FETAKFIREH F=+—% Ft#H (RE—-ON\HF)
P il ™
| Field Setup Arrangement
(Top View)
Manual
Sensor2 Record
A
. MCU  sensort )
B9 AR BB & T i R [
N SRR A E oAy N "
AL HMRSTERRIE SR AR 42 BBLEATENRIBLE
s HEGHEED () I 106 7 7~ 9 FIHAMIZ B 3 SR TS > p1 0 T B
_ Ll = o m\;l?s“%v‘lL . . _ ° - — . —y,
(I ) 106/9/6 DG B o I RERA T ] (EA-09) IS T
_ _ _ Node 1 HH (0.2mm) > iﬁe‘ﬁ'lf% (EA-04) it['ﬁj' EiEAN3E 3.5mm F‘J
EA-02 0 2.9 Node 2 ﬂ‘f&'lﬂlgit{'ﬁj’ BIAYE, 22mm %7 (EA-0252 EA-08) - ') &
EA-04 0 35 Node 3 #USE (Node 1~ Node 5) FERRHIRIA A B » = 13
EA-08 0 1.5 Node 4 SR I R R gjsp,ygguylgﬂazjgi;sag&b B B EVE Ry
EA0S 0 02 Node S SRR » R 10~ [ 13 575 JRIF R R
3 80
E(a)' /* 4 b). 80
—| —— Wireless Module (Node 2_Sensor1) . ] N
| % Erosion Pin (EA03-No.2) ,,' ] :\évr.':::ispnin:?gz;r_«::;)z_s“sm)
£ 7 M Rainfall .’ = 1 | Rainfan ' _x
£2- - 60 E : I | s0
[} ] ~ ] -7
£ - s & £
@ E 3 €
24 - L oE
g 1 g 2 ] 3
2 - 3
8 A go— *
f =4 | ” = T
o * 20 g A L 20
o a 1
A T L T r 0 2 I 2l I r 0
7nmn7 71en7 713117 8/15/17 8/30/17 nmn7 7116117 713117 8/15/17 8/30/17
Date Date
Bl 10 s il Node2 Ff] =5
4 80
‘T ® T
E —— Wireless Module (Node 3_Sensor1) 7 | — Wireless Module (ID3_Sensor2) *
4| <% Erosion Pin (EA03-No.4) | <& Erosion Pin (EA03-No.4) ,
~ 3 7 Il Rainfall = 7| I Rainfal Ll
3 £, 4
E S me E3
g 7 g
g 2 E g ] E
n 7 £ (2 £
e ] 13 2 Py g
s - Ys 371 3
O, 3 E O A £
e ' e £ A ¢
8 7 8
4 7 - 20 81
oo { (s} ]
3 T l'\' T T 0 0
7nMn7 7116117 713117 8/15/17 8/30/17 mnr 71en7 713117 8/15/17 8/30/17
Date Date

[l 11 Snase fl st Node3 B =5 U



1= = FF| N
L) » RIE ~ fA[ELS ~ MMEED © FHRE ¢ EIERE T IBERR Z iR R R AT S ER FE A 611
80 4 80
1 (@) 1 (b).
7| | — Wireless Module (Node 4_Sensor1) - | — Wireless Module (Node 4_Sensor2)
8 —| | =% Erosion Pin (EA03-No.8) 7 | % Erosion Pin (EA03-No.8)
z 7 | Il Rainfall z 7 | [ Rainfan e
£ 7 L 60 £ ] _—___-—-“'- L 60
£ £ £ £
D 4 — g o IS
° ] £ ° B £
S 7 4= 5§ A 40 =
& £ 5 - £
e 7 g e 1 8
0
© © —
5 — 20 s 20
[ a
“ I f I I 0 8 I \ I I 0
7MN7 71617 713117 8/15/17 8/30/17 7TMAT 7116117 7/3117 8/15/17 8/30/17
Date Date
B 12 00 EAE Noded BRIy U
4 80 6 — 80
1 (a). ] (b).
7| |~ Wireless Module (Node 5_Sensor1) 7| — Wireless Module (Node 5_Sensor2)
1 | <& Erosion Pin (EA03-No.9) 4| = Erosion Pin (EA03-No.9)
T I Rainfall T 1 I Rainfall
£ ] — 60 £ 4+
8, 8 1
© - — © ’ —
5 ] £ 5 7 £
» g A IS
° 4 £ o] J £
5 A 4= 52— =
e ] g o 7 IS
(0] 7 € ] 7 i<
e ] e & 1] ©
o0 — 9 ]
o o
g 8 .
° A —20 2 0
[T o A
2 I l"\' I r 0 2 I f I r 0
7MAT7 7116/17 713117 8/15/17 8/30/17 7TMNT7 7116117 7/3117 8/15/17 8/30/17
Date Date

q%ﬁ‘ 13

FhE R ) AN SRS ¥ i’é’%ﬁ'@ ’E*l"ﬁ“'i"itl'ﬁ'ﬂ?%@ " El
B ‘L,iéﬁfg oo q%ﬂ' 10 ~ q‘aﬁ' 13 55 IR R ET‘MTFNode 2+
Node 3 ~ Node 4 %7 Node 5 BRI HHRTE? ~ — BHHIEHED F it
ﬁ%ﬁ' ACTIESRRED L6 e “'ﬁﬁ'ﬁﬁﬂﬁ"ﬂ}ﬂﬁ“f?ﬁ* FE
UH’?LTE' Yfl'ﬁjﬂé BUEE S RCR R D s 2R P
éﬂé‘éf“‘} %"?iﬁ@@f“‘wﬁﬁﬁi ii@"ﬂﬁ#ﬁ J
BRI L o ] b e JJ%IJ;J‘Tu Rl

HW 1 FHI Node 3 3 EHHE[ ’ﬁ[mﬁ;‘h kL 3 mm =y &
EA-04 [V 3.5 mm il £ 37 ; HLERBL T ] Node 2 TIEEFJ
t]"ﬁj[m\@,q\\ﬂr 2.7 mmE g S EA-04 17 2.9 mm 5 3T

HUEHL I IRSIEE 7 Node 4 H it[rﬁﬂh <Ly b B ,Eég;l/irll’aju%?ﬁg
Hi o Ly e T ERP T D Node 5 Bfi=- H
HE P HH R ié‘x?fl"ﬁj B PHE o —BJEI?ﬁ ﬁiﬁﬂgﬁ%?ﬁﬂf}ﬁl G~

kS [y g o el Mlﬁﬂjgr‘g PHEEY B 7% [l
B PRI R R
SR WHE I TR R BB [ BT g
AV o HE R B F%ﬂ”ﬂfﬁw‘?ﬁi@‘uﬁjﬁ[{é% ¥ B B p
o R R T BT o T T RPN PR R I B A
SRR N BES o PREERN Y RS R E Y S R

IR e

A BT Nodeb FEAf] =5 U

DRARTT AR 5 T b A5 R R 2 EE
R AR HEEL A [ MM S
[ = ik 4 it R AR S R ¢

B B B B B U 2 T A
R 7 A0l B 60 S R N L T R
VIV R B 7

43 JKEHSKERFEFRIREE

e NG RES S DT e S R
SFRIBL] 5150 PR g
FI BRI TR SR R T

= HCRY H EUgE 3G FORI R SBR[ B
FEPL o BB PUERE R I R 4 T RIS TR 54
T ) R S S (IR BERER ) &[5
AR B A [ BT o BB I e Jel R T A

LD E SR U e S E LR N - S
FRIEAER B 200 R f VB 0 12 30 3 - AT
VTR BRI R T e R A R

U0 14 575 F 1 H #%%@ T BT R - (8



612 FETAKHIREN F=+—% FtH (RBE-ON\H)
80
| Ry
60 -
E ,
E
— 40
©
Y—
= 1
o
20
o i“k MLIML IM “ }\ l\‘l l IL M“l [\J\Hl “ ‘ “ 1yl
60
50 ~
S
8 ,
I
40 -
30 ‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘
14 IR W ENTVR L A (B P

il ﬁjiﬁ'ﬂﬁéghg 10 = "jf 20 75y - B N;J;ﬁgg}
SRR B AR A e AR B0 By ﬁjm&,% TR R o
P Bﬂﬁfﬂ WWYWUW' L= EREN [&ﬁlfj—T‘Eﬁ*gé‘
(=& B G o [T A R R A S
2 Fﬁﬂ%ﬁ'l?ﬁ“d@ﬂ%@ﬂﬁ R Ty I a5
ﬁﬁ%WB?@EW%jﬁiﬁﬂWF§®’¢@%
~f“+ﬂrp1%4zﬂ‘—‘ﬁ"'%’§'~€;ﬁu{ﬁ1 IR gt T
f TEIEH%EF‘ FIOWRETR D B ?IF R F
FITI 2R SRR S b B, > = 2018 FF 6 K| PR
Pgpse 2 B GBS R iﬂ‘a%tﬁtz,’fﬁ'«%sqﬂgléﬁug’rﬁ*gw
TORIEE T R ATIT o B A SR A
B 1.5~9.9% Il - I GEERE R ‘sﬁcz R IR AN |
A PR SR By A 7 AV T Py A B e S T S
PN GUCAETSET B o B o = R ST S AT AR
Z79 5.9% > E'?El'é!e%;'/ﬁ?f%ﬁaﬁ?ﬁ%ﬁé}ﬁllﬁé@;&@%* [

ths_

S 5 S R B - GRS B
CRES T TR W%%fﬁW’WFIW?%4§*
RV » PR [l 0 R EPERR T T Ty
ARG » 1% SR P Jposs * Ll
Y B -

F2 SRS EER RS S T i s B EOR SY
g
IAIEN (cm) i _
BWR | o | s | PR
(A) ®) e
HGE W | 0.28 0.26 6.5
FrEOGE W | 049 0.19 15
SR W] 025 0.23 9.9
‘ B 5.9




L% ~ 3R3CE « 45 - MMEE) © FHRE ¢

()

Legend
& Data Point
- - - Fitting Line

(&

»
3

I

Ah =0.453 * In (rainfall) - 0.574
R2=0.22

o
o

N
Noo

Erosion depth, Ah (mm)
P o
HH‘HH‘HH‘HH‘HH‘H\\‘HH‘HH‘HH‘HH‘HH‘HH
*

o

*
\\\\\H‘ T

10 100 1000
Accumulated rainfall (mm)

15 B TR PRI I

*
\\\\\H‘

-

*wwﬁsﬁﬁmﬂWﬁﬁﬂ%wﬂ§f@uvﬁgW§m4
P ) =R "ﬂﬂl @Eﬁ%ﬁ N GE (E:AuE Segyio Ve S
k,qgﬁlls*" 14%|4‘*§Jf?j£'“ |U?@I/%§J,~ygj
BN S BRI B e B B B R
4 ﬁt[ﬁﬂp‘“' J E'YE["H[JJF’\ B @J_H&’ "F‘Jﬁ%fv%?q_ﬁs&

j?]'IFJ'J_P‘ ° [*‘H'Ra}@ RN BT RS N (Heavy
raln) T 24 ] FT R E éBO g ) o E"lLEmﬁﬁlf F
i i['??;ﬁ';ilﬁﬁ?‘;‘lﬁ 3t E,Hf—' EIFUty 3.5 mm > o IS
FErIRI 8 1Ay b <o i 1 Rl ﬁéﬁf, A B B AT Ty
HEVHBAIREFE SRR T

_:E. %I:I aff 3 LE

RS (7 3 B BRI R B o P A R RS
W ﬂr”l-' aJ%IY[I ﬁugﬂ% s FR J%%:ng[ué—d;%’jﬁu}[ﬁ”ﬁ‘ﬁ{j
,wﬁ;ﬂﬂ SEEF A ER o PR T ORI '/?flé‘d'%?f’”lf
B B O RO A [T el B e R Bl - B
RS LR ﬂu=§’iﬁu%%ﬁW%v—ﬁ&
AT D I~ 2 B DRV I
WITVR] AL TR 2R A BHRITYR] i g T

:wéﬁg§ﬂ%ﬂ%wdﬁ$*vgfﬁﬁﬁé“

THSE TR Y R R AR TR
$%ﬂﬁ# T | ISR R 3 450068 0 0 il g 59
o 3mm 5 Bl PR 4 R R R B 200 K0 S
ggi JEf BN l‘bfﬁgﬁﬂ‘é’i’ ORI ST

?EII’BJ[JE%%E%‘QJFE&-J%? FINE 15 ~9.9% V= ““E“i?
T AR AU 5.9% > EEmE /?Eﬁﬁﬁlﬁ%”ﬂﬂl'
BISIAE T o B Y BT S [ S SR Y

@hﬂfw%HfVﬂﬂm%daT@UﬂF%EE$WW¢@
TYRIENE - &7 ?’YB%F:J:E]*ﬁ?lé?ﬁ?fﬁ’wﬁ?q fl) o R
EREESR o F ) PR H R B A D S ﬁzﬁu%ﬁ, YD El
RS WP A R ES Y RE - g

BIRFRIE TR RI R IR LR S B RE 613

fo > TapefR M RIvEGE S S e g
il“fﬁfpl?‘d e T A T Y e

VR
£ {*iﬁ I%J/

ET

TR PR AT AT T R
Y B2 AR B 7 R B -5 #URISE MOTC-10T-
106-H1DB002a * fLF 5 7)<+ |§q:¢] 17107 66 7 <t & -
W TR SR R RISE SWCB-107-096 1 55 f -
e

0B

=

1. Dadson, S. J., Hovius, N., Chen, H., Dade, W. B., Hsieh,
M.L., Willett, S.D., Hu, J.C., Horng, M.J., Chen, M.C.,
Stark, C., Lague, D., and Lin, J.C., “Links between erosion,
runoff variability and seismicity in the Taiwan orogen,”
Nature, VVol. 426, pp. 648-651 (2003).

2. Wischmeier, W. H. and Smith, D. D., “Rainfall energy and
its relationship to soil loss,” Transactions, American
Geophysical Union, Vol. 39, No. 2, pp. 285-291 (1958).

3. T, T4 e avElE > B RS
PRI > AT 12 ] 27 89-106 FI (1997) -

4. Slaymaker, H. O., “Patterns of present sub-aerial erosion
and landforms in Mid-Wales,” Transactions of the
Institution of British Geographers, Vol. 55, pp. 47-68
(1972).

5. Lawler, D. M., “A new technique for the automatic
monitoring of erosion and deposition rates,” Water
Resources Research, Vol. 27, No. 8, pp. 2125-2128 (1991).

6. Gardiner, T., “Some factors promoting channel bank
erosion, River Lagan, County Down,” Journal of Earth
Science Royal Dublin Society, Vol. 5, pp. 231-239 (1983).

7. Hagerty, D. J., Sharifounnasab M., and Spoor, M. F.,
“Riverbank erosion — a case study,” Bulletin of the
Association of Engineering Geologists, Vol. 20, No. 4, pp.
411-437 (1983).

8. Murgatroyd, A. L. and Ternan, J. L., “The impact of
afforestation on stream bank erosion and channel form,”
Earth Surface Processes and Landforms, Vol. 8, pp. 357-
369 (1983).

9. Lawler, D. M., “A new technique for the automatic
monitoring of erosion and deposition rates,” Water
Resources Research, Vol. 27, No. 8, pp. 2125-2128
(1991).

10. Lawler, D. M. and Leeks, G. J. L., “River bank erosion
events on the Upper Severn detected by the Photo-
Electronic Erosion Pin (PEEP) system,” Erosion and
Sediment Transport Monitoring Programmes in River
Basins, IAHS Publ., No. 210 (1992).

11. Yang, H., Chang, Q., Du, M., Minami, K., and Hatta. Y.,
“Quantitative model of soil erosion rates using Cs137 for
uncultivated soil,” Soil Science, Vol. 163, No. 3, pp. 248-
257 (1998).

12. Blake, W. H., Walling, D. E., and Q. He., “Using 7Be as a
tracer in soil erosion investigations,” Applied Radiation
and Isotopes, Vol. 51, pp. 599-605 (1999).

13. Sepulveda, A., Schuller, P., and Walling, D. E., “Use of
7Be to document erosion associated with a short period of
extreme rainfall,” Journal of Environmental Radioactivity,
Vol. 99, pp. 35-49 (2007).

)
o



614 FETAKHIREN F=+—% FtH (RE-ON\H)

14. Barker R., “Use of terrestrial photogrammetry for
monitoring and measuring bank erosion,” Journal of Earth
Surface Processes and Landforms, Vol. 22, pp. 1217-1227

(2000).

15.  Wischmeier, W. H. and Smith, D. D., “Predicting rainfall 10845 45 238 WS
erosion losses — a guide to conservation planning,” US 1085 67 25H fEX
Department of Agriculture, Agriculture Handbook No. 1085 68 27H #%
537 (1978).






