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ABSTRACT

Conventionally, LS(Slope Length and Steepness) factor for the USLE suggested by Wischmeier
has been computed manually on topographic maps based on one dimensional approach. But
outcomes of the equation could be severely affected by the convergence and divergence of surface
runoff at complex terrains. Thus the objectives of this research are to develop a method to
automatically compute LS factor based on the multiple flow algorithm, and to test the accuracy of
this method by comparing outcomes of this method to previous measurements or estimations of soil
erosion.

The program for the automatic calculation of LS factor was developed by utilizing Fox Pro 4.5,
and outcomes of the program is designed to input to IDRISIL. The accuracy test of LS factor was
carried out by comparing the actual measurements of soil loss at two test sites in and around of
Suwon. The calculated volume of soil erosion at Buju mountain , Mokpo, was also compared to the
outcome of a previous research based on the LS factor calculated by the conventional one-
dimensional approach.

The outcomes of this research are as follows. First, the computed L(slope length) based on the
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multiple flow algorithm for concave slopes are greater than those of convex slopes. Second, the

estimated soil loss based on this method at the test site in Mokpo is much greater than the outcomes

based on the conventional one-dimensional approach. It can be concluded that the application of this

automatic calculation method of LS factor can improve the accuracy of USLE and facilitate soil

erosion prevention methods.

Key Words : USLE(Universal Soil Loss Equation), LS( Slope Length and Steepness) factor,
L(Slope length) factor, Multiple flow algolithm
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AHAHerte ¢ Fasd dusid, 2 & Al
271 AFEE AR wel o a7 27) g&el
o} wetd, dfded d&xe] ALz Uy
oA e A%, FEF S EF] dsde

2 F 4R Azt B dEFes AgE AHE

oy
=
it
zH
gh
£
Ho
2
oft

rome | AFAE | bR | coeRdR| dRRAT | ewad |neaed
1993 347 422 | faw2R4 | 234 254 234 | 9AEAA
(Elo) (ton) (ton) (ton) (ton) (ton) | /a23)
4/22 7.46 0.004 13.1 1.965 15.065 5.270 1,318
6/12 24,58 0.027 43.3 6.495 49,795 17.428 645
7/8 10.73 0.092 18.9 2.835 21.735 7.607 83
7/11 314.58 0.978 554.1 83.115 637.215 223.025 228
7/13 29. 58 1.852 52.1 7.815 59.915 20. 970 11
7/17 24.99 1.201 44,0 6. 600 50. 600 17.710 15
7/29 79.55 1.400 140.1 21,015 161.115 56. 390 40
8/13 1.64 0.002 2.9 0,435 3.335 1.167 584
9/16 48. 34 0.107 85.1 12.765 97. 865 34. 253 320
9/20 15.0 0.046 26.4 3.960 30. 360 10.626 231

D 329 (1995) o FAME AEA

P EGRAHE #2434 = RUSLE o2& @7 4% 33
EE % FHA =b *0.15

P ERAF FHA =b+c

D AR 34X =4 % 0.35

R Adiet=e/ a

-0 Lo T
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Table 3, EAMYR HFo| EX|0|2YH EYRAZ

e B (HHE) =(H25) 2 (HET) 23998
- AAA AHF ARA AHE AR AH%F AHA AHF
A4 (ha) 57.45 57.45 0.92 0.92 4.61 4.61 1.56 1.56
A% (t/yr) | 245.53 | 207,715.40 | 2.57 994. 20 78.24 3,309.07 81.74 2,909.89
t/ha/yr 4.27 3,615.59 2.79 356. 34 16.97 717.80 52.40 1,865.31

F & Ade] Basd 299 AFAE AR
AZpRel e Aol 71&5lo] YA Yot e 3
SE% ¢ 4 9912, USLES 2 Aduz b4
Qo & A7e 4§ 3P ta F7 Ae A
oz Yz,

2, EARA™ 3 AR

A AR gl Tt BAEAR e, 84
Hoz AN EAME: FAE A dedln
JE EXA FFAS gdeZ EX o|fHFd o
2 EFfAd#e] WolE FH51 oA AF (%%
o 3=, 1996)2 Z3el vimaletl. olw, AY
QA= B A7oA A HHoR Resgen,
a2 99 QA oA AT7e FET #E H&IA
o FAAFERI g9 7 A5 sudLE oA
A<t 5Yg CAD A53d & AHgsld o, <od
AT 20m/Ade HNEE AHEigey, B
dFdiX e Bt A4 {9EH (multiple flow
du]E HFE)E 93t 10m/Ade) ALEE AHE
[ip7 4=

Table 3& AFAFH] A7 ZAHANN EXo[&
o W& BEARH HFe F BEFRAY FAE JE
A Aot} o] AU 3 AFAH L2 57, 45hazA
EAAFA 19 F EFHAFE 245.53t01%0eH,
ha% 19 HARAHL 42701900} BEARZE 1
d & BEGRAHE 207,715, 74224 EALAAA
B} oF 8464l w2t}

3, =HHL 0.92hazA BEAFA 19 2 &
FHAFE 2.5Tt01%len, ha® 19 Fasd@de
2.79tolith. EXAMHF 19 F EGHATL
994.20to.24 EARNAMEC oF 387e) ©tch w
Aol +EEe] F AHL 4.6lhaZM EAMS
A 149 & ESHAFL 78.24t01% 28, haw 19

BEAAZLE 16,970l BEAMIAF 19 & ES
A 3,300.07te.24 EAIFHAEC o 429)
Botth, 183, AdEY F WAL 1.56haZA,
EAHA 1R 3 BT 81.74t0low,
ha% 19 HaFFAZ 52.40t018ich. EARE F
19 3 EXRFATEL 2,900.80to 24 EARH AR
o} oF 364} Bokh.

A7l A& AAUNAL] EALH A &
EYFATS vus] 2A Table 49 2th EAN
HA F EGAZES 408.08to]Ren, ha¥ 19
BEFAFE 6.32t01Ath. I, MLEF F ESH
AL 214,928 98t01R.28, ha% 1@ HdHAH
< 3,330.17Tte.2 BRI M B oF 5274 Botch
AQGE NN EFRA S 8FS 1del ha® & 14t
olth, welA, EARIFHA REFidolMe EFHAF
< AN A7} HA g3 A & F Aok

Table 4, HAX|QU EARH HE ELdRa

EAHA EAAHE
%4 (ha) 64.54 64.54
443 t/yr) 408.08 214, 928.90
t/ha/yr 6.32 3,330.17

Aol LT AAM W AX EFRAF
o gt ojd dAFel wws E uw, EARE A
o EGFAFL oA AT M_1¥ydAME
4.62t/ha/yr, M_2498olM+E 5.91t/ha/yrolfd
oy, B AdAFgME 6.32t/ha/yroldtt. EAMA
H 3 EFfdFe A A7 M_1EHCdAME
1,245.20t/ha/yr, M 23X e 1,541, 86t/ha/yr
ollen, ¥ AFNME 3,330, 17t/ha/yrolAeh.

£ didye] Axe BEARE A9 ol o
EFFATF FHAAE o)A A7) vzl 40%°0
9 7Pt AT, EABA Fo AdHd) Ui ES
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FAF FHIME oA A7t Wk 110 - 170%
Bz Z7F AT ol ol AT AR
< AN | 2344 @9 fguEA sde] opbd 1
A4 Aol Ader Azt Aol A &
HHU7] e Ao Az ojin

V.28

£ AFdME Desmet and Govers?t A<t
AV AbEE Wischmeierel ZAME AlXb
§ale] B3 A ¥elM USLE AFAAHLS)E #
FALE & g TIPS AYSITh o Zra
S GIS =zl IDRISIY A3AA B
ZF A3A87t e oidAe 435X (339,1989;
1995) oF A& vladte] A1FAzHLS) ALk +
AzE AR

I A3, AFNEA 1, 2 BRolAM Lt £¥&
Wischmeier?] A MdE 2 Jepl FAUc
Z, #5501 A5HE L5 9L {47 BAsHe
223 Aduch @4 Z Latg Bo FR3, AA)
FolA Aol dojut= XA Lato] Zadte B
& B FA
2 AFolA AN F3 )9 7719 (1989, 1995)
1 £33 d3As 2599 AFNEA 1M A
9 gAsht i ABAIA 20 e & e
g ®gt) ol USLEY £ Mddz t-fgdelA
o 24L& da 7t Sle Aoz 4dEd,

E¥A] B2AY e Exlo|f Wil wa
EGRAH Holg 4% 2o, odd d7ZEH
($Zz9) 324, 1996) Hole EGFAF F3x
7F BA uvsich 2 ol o)A ATl AA
A& A o 234 BRI HA sdo] ohd
1A AQ o] Mdog HEslo ZAe] &4 A
A7 W2 Aoz Az, wEd, 2 dF
oA A4 dhge] XY W3ls o & wthdtin
Azrgich,

olgHog, Ao FAR T 1AUAY
AP AL ulg FHH0)7] Wl dFA et Z4
7] ©& 23E 94 "ok a8z, A9 e A
FeHon BWS Adedg f5) AT B

%
2
=

o

AL Aohlx) £ah7} W ol EFFAH Aate] FE
oA "ol B AFojN e AFPAAIS) A
FAMN 298 ol HelM ABPn A4S &
d 4 9ler, USLEY H48E& JAAA o8]
U AAAHoR & o] & e AAZ,

I, EFHEFE FE3] A% GIS =2y
o A& BEE JAE 4A AR 5 dz 23
2, FEIde A2 o)Hol AT F, A, EY,
EX o] go] #3 tAElo| AT} R F R Hlole}
wo]xel f84L dolete] A BAE BT 4
A g 4 ARt #waA, GIS Z2afA dole
Z2te] Lo]A& thE EX ]S AFolut HAuA|d|
g Agn G m2A 42 AT F A
AlZtR o2 v S AAHY Roct,

B AFE Desmet and GoversZ} A3 AA
AsterH e Wischmeier?] 7ZAE A4l wjet
AFJAZHLS) & AsAIE + e Z2ade ¢
, o1& U] ddA o FEstgen, o2
33 AAE dAvhed 2 99E FE 4 gl
, B Ao e USLE AJJAA(LS) A

2L USLE AEEE Az en,
o3t EXo]g& Wisgld] WE EFRATY ¥
AA F3E § ) Wi SBFGFgH Z
Azl MAE 718 5 & Aoz Az
a8lm, USLE 2y st EFF A 43

ki

i

£z A
L

it
p

1y

oy ek o C
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ox

UAE AREE detslel 1 AAES A 2
b ol AL AR F43 EFRAL
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APPENDIX
XYQAXHLS) REAHIA T2 DO STEP31
DO STEP4
1) ZARERIRL) Al =20 DO STEP5

2) 2927 ZAFAAHL) & Held

3) Aty

(Ai.j*in + Dz)mﬂ‘ A:;lln
DX - (22.19)"

4 Z2a%y

)
() 98A8: DEM, AAE dlolo
(
(

Lij= (F4 10)

ETTETY

? * MAIN PROCEDURE ( L- FACTOR )’

? * MULTIPLE FLOW ALGORITHUM<S ©}§8td L-
FACTORE Alate Z2ay’

* Date © 1997. 9. 10

* 1 5 2

6 9 7

* 3 8 4

FREARRRERERERR

CLEAR

SET TALK OFF

* Variables(Gloval) -~---—------ AW A%

dir_name = *’

dbf_name = ‘TEMP’

doc_in.l = " && DEM 83 °]&2 A
Aile ¥y

imgin_1 =

doc_in 2 =
& AFse ¥

img_in 2 = 7

docout = '~ && L- FACTOR #AXZAz &4
B o|FF& AP e ¥y

&& ASPECT(%) ¥8%d |

’,

img_out =
rows = 0
cols = 0
csize = 0 && 4=z
my_max = 0
my_min = 0
dimension el(9), ai(9]), ta_li(9)
DO MY_INIT
DO STEPO
DO STEP1
DO STEP2

DO STEP3

ENDPROC && END OF MAIN PROCEDURE

PROCEDURE MY_INIT && MULTIPLE FLOW A4t
T A% ¥y 273

for i=1to09

el(i) = 0.0

ai(i) = 0.0

ta li(i) = 0.0

endfor
ENDPROC

PROCEDURE STEP) && 4% mdolE AR
img in_1 = GETFILE('IMG’, 'd4¥%4’)
if img_in_1 ="'
CANCEL
endif
doc_in_.1 = left(img in_1, len(img_in_1)-4) + ".DOC’
img_in.2 = GETFILE('IMG’, ‘94¥%4d’)
if img_in 2 ="’
CANCEL
endif
doc_in_ 2 = left(img_in_2, len(img in_2)-4) + *.DOC’
img_out = PUTFILE('2¥%d A%, ‘LEN’, 'IMG")
if img out ="'
CANCEL
endif
doc_out = left(img_out, len(img_out)-4) + ", DOC’
ENDPROC
PROCEDURE STEP1 && d¥HLANN ARA7], 8
AEE A5,
select 1
create table doc_t (name c(12), colon c¢(2), data c(40}))
append from &doc_in_1 type sdf
locate for name = 'columns’
cols = val(data)
locate for name = ‘rows’
rows = val(data)
locate for name = “resolution”
csize = val(data)



1998% 10A)

GISE ol 4% USLE A¥ARHLS) AEAL el B8 AT 175

if csize =0
n = MESSAGEBOX('Resolution Not Found’)
CANCEL
endif
use
ENDPROC
PROCEDURE STEP2 && <¥A5(DEM, ASPECT)
€ ¢j°i4 DBFE 4
select 1 && DEM<E geth
create table &dbf_name (vall ¢(23), elev n(8,4), area
n(8,4), aspect n(8,4), cont_len n(8,4), 1 factor n(8,4))
append from &img_in_1 type sdf
scan
replace elev with val(vall)
replace area with 1.0
endscan
select 2 && E(ASPECT) d°lel& ¢gerh
create table tmp2 (vall c(23), aspect n(8,4))
append from &img in 2 type sdf
scan
replace aspect with val(vall)
endscan
select 2 && 7 A 9% DEM# ASPECTE
et
use tmp2 alias tm2
go top
select 1
go top
do while !eof {}
replace aspect with tm2->aspect
select 2
skip
select 1
skip
enddo
select 2
use
select 1
use
ENDPROC

PROCEDURE STEP3
* Multiple Flow Algorithum® 2§39 fod2& AL,
T(FD) -4 Ws

* 1 5 2

* 6 9 7

* 3 8 4
select 2

use &dbf _name
? 7 Multiple Flow Algorithum (1/2)}’
for i=1 to (rows-2)

for j=1 to (cols-2)

tmp = make_33win(, j cols)

do cal_area

tmp = write_area(l, i, j, cols)
endfor

endfor
7 * Multiple Flow Algorithum (2/2}’
for i=(rows-2) to 1 step -1
for j(cols-2) to 1 step -1
n = make_33win(, j, cols)
do cal_area
n = write_area(2, i, j, cols)
endfor
endfor
use .
ENDPROC

PROCEDURE STEP31
O FgEAT AAG 2ANY 74 49 L-FACTORE A4t
.
select 2
use &dbf_name
go top
dd = csize*csize
scan
Xij =
abs (cos (DTOR (aspect)))
replace cont_len with Xijj
tmpl = ({(dd*area)**1.5) - ((dd*(area-1))**1.5)
tmp2 = {csize**2. 5)* (Xij**0. 5)* (22. 13**0. 5)
replace |_factor with (tmpl/tmp2)
endscan
use
ENDPROC

abs{(sin (DTOR (aspect))) +

PROCEDURE STEP4

* L-FACTORE A A& MZ2E ASCH H4= &8
select 2

use &dbf_name

COPY TO &img_out FIELDS | factor TYPE SDF
use

ENDPROC

PROCEDURE STEP5
* oderl, AAER
select 1

use

select 2

use

ENDPROC

PROCEDURE MAKE_33WIN && Multiple flow
algorithum A4S 4% ¥ =219y
parameter T, ¢, cls
el(9) = get_elev(r, ¢, cls)
el(1) = get_elev(r-1, c-1, cls)
el(5) = get_elev(r-1, ¢, cls)
el(2) = get_elev(r-1, ct1, cls)
el(6) = get_elev(r, c-1, cls)
el(7) = get_elev(r, c+1, cls)
el(3) = get_elev(r+l, c-1, cls)
el(8) = get_elev(r+l, ¢, cls)
el(4) = get_elev(r+l, ctl, cls)
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ENDPROC

PROCEDURE WRITE AREA && Multiple flow
algorithum A& 93 & Z23 i

parameter d, r, ¢, cls

carea = get_areal(r, c, cls)

if d =1 &&
right/down 21 2%

tmp = put_area(r, c¢+l, carea*ail7), cls)

tmp = put_area(r+l, c-1, carea*ai(3), cls)

tmp = put_area(r+l, ¢, carea*ai(8), cls)

tmp = put_area(r+l, ctl, carea*ai(4), cls)

else if d = && AEA7) right/bottom -
left/up 9 A+

tmp = putarealr, c-1, carea*ai(6), cls)

tmp = put_area(r-1, c+l, carea®ai(2}, cls)

tmp = put_area(r-1, ¢, carea*ai(5), cls)

tmp = put_area(r-1, ¢-1, carea*ai(l}, cls)

endif
ENDPROC

AXEA 7L left/top -

PROCEDURE CAL_AREA && Multiple flow
algorithum AlI3tE 1% & T2y
tanb = 0.0
for n=1 to 8
ta_li(n) = 0.0
ailn) = 0.0
endfor
cen = el(9)
for n=1 to 4
elv = cen - el(n)
if elv>0
tanb = elv / (csize*1.414)
else
tanb = 0.0
endif
ta_li(n} = tanb * 0.354
endfor
for n=5 to 8
elv = cen - elln)
if elv)0
tanb = elv / csize
else
tanb = 0.0
endif
ta_li(ln) = tanb * 0.5
endfor
sum = 0
for n=1 to 8
sum = sum + ta_li(n)
endfor
if sum » 0
for n=1 to 8
ailn) = ta_liln) /sum
endfor
endif
ENDPROC

* AR Ao #E

FUNCTION get_elev(row, col, columns)
go row*columns + col + 1

return elev

ENDFUNC

FUNCTION get_area(row, col, columns)
go row'columns + col + 1

return area

ENDFUNC

FUNCTION put_area(row, col, val, columns)
go row"columns + col + 1

replace area with area + val

return area

ENDFUNC

2) HALEQIXH(S) AN =2
(1) 8HA=: A=A (%)
(2) 29A2: AAEAR(S) 3 dold
(3) A4
go(854l:5 4565
s2 +10,000  (s? + 10,000)12

+0.065) (34 11)

------ AEEIRERES

? * MAIN PROCEDURE (S - FACTOR )’
77 AAEE o]§3le L-FACTORE Addte 21y’
* Date: 1997. 9. 20
SERSRABRRRRERESRRREXERRRIARRESERRRA RS
CLEAR
SET TALK OFF
* Variables(Gloval) --——-—---—-- Ay 4%
dir_name = *’
dbf_name = 'SLOPE’
dociin = " && AL (FBARE) olEAAFH
= Hs
img_in = "’
docout = 7 && EFHY o)EANHste ¥WF
img out =
TowS =
cols =
csize = 0

DO STEPO
DO STEP1
DO STEP2
DO STEP3
DO STEP4
DO STEP5
ENDPROC && END OF MAIN PROC

PROCEDURE STEP0 && &Y o]ExXF
img in = GETFILE(CIMG’, '9g8#d”)

if img in ="’

CANCEL

endif



19984 108) GISE ©|'$% USLE ABAALS) A5A4 el 3¢ A7 177
doc_in = left(img_in, len{img_in)-4) + *.DOC’ COPY TO &img out FIELDS s_fact TYPE SDF

img out = PUTFILE(':¥#d A%, 'Sl’, 'IMG")
if img out ="'
CANCEL
endif
doc_out = left(img_out, len(img_out)-4) + *.DOC’
ENDPROC

PROCEDURE STEP1
AEE Y.
select 1
create table doc_t (name ¢(12), colon c¢(2), data c(40))
append from &doc_in type sdf
locate for name = ‘columns’
cols = val(data)
locate for name = ‘rows’
rows = val(data)
locate for name = ‘resolution’
csize = val(data)
if csize ==
n = MESSAGEBOX ('Resolution Not

&& LHBLAAM A7), 3

Found’)
CANCEL
endif
use
ENDPROC

PROCEDURE STEP2 && <IFASFHAR)E HolA
DBF& T4
select 2
create table &dbf name (vall ¢(23), slop n(8,4), s_fact
n(8.4))
append from &img_ in type sdf
scan
replace slop with val(vall)
endscan
browse
use
ENDPROC

PROCEDURE STEP3 && AAMEE olgdd S-
FACTORE A4t

select 2

use &dbf_name

scan

tmpl = (65.41 * slop * slop) / (slop*slop+10000)

tmp2 = (4.56 * slop)/sqrt (slop*slop+10000)

sf = tmpl + tmp2 + 0.065

replace s_fact with sf

endscan

browse

use

ENDPROC

PROCEDURE STEP4

* L-FACTORE AXd 27 E Ml2¢ ASCI U2 &Y,
select 2

use &dbf_name

use
ENDPROC

PROCEDURE STEP5 && 427, #Y4F=
select 1

use

select 2

use

ENDPROC



