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Abstract

Soil erosion has been emphasized as serious environmental problem affecting water quality in the receiving waterbodies.
Recently, Best Management Practices (BMPs) have been applied at a field to reduce soil erosion and its effectiveness in soil
erosion reduction has been monitored with various methods. Although monitoring at fields/watershed outlets would be
accurate way for these ends, it is not possible at some fields/watersheds due to various limitations in direct monitoring. Thus
modeling has been suggested as an alternative way to evaluate effects of the BMPs. Most models, which have been used in
evaluating hydrology and water quality at a watershed, could not reflect rainfall intensity in runoff generation and soil erosion
processes. In addition, source codes of these models are not always public for modification/enhancement. Thus, runoff-
sediment evaluation system using hourly rainfall data and vegetated filter strip (VFS) evaluation module at field level were
developed using open source MapWindow GIS component in this study. This evaluation system was applied to Bangdongri,
Chuncheonsi to evaluate its prediction ability and VFS module in this study. The NSE and R? values for runoff estimation
were (.86 and 0.91, respectively, and measured and simulated sediment yield were 15.2 kg and 16.5 kg indicating this system,
developed in this study, can be used to simulate runoff and sediment yield with acceptable accuracies. Nine VFS scenarios
were evaluated for effectiveness of soil erosion reduction. Reduction efficiency of the VFS was high when sediment inflow
was small. As shown in this study, this evaluation system can be used for evaluation BMPs with local rainfall intensity and
variations considered with ease-of-use GIS interface.
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AT FAFNN EGHA AT diez A4 3
A @2] 7| (Best Management Practices: BMPs) &3}l
AZEARE 2UHFER 3, 2UEHY 2 HPeyd &
g 4 9] BMPsE A& e W SFAZERT} e
Aoz gyrisa qlk sA &59 Aol BMPsY &3
o 9& o]FojREA ol HAZTHYY AXE/ALE F
QA BE ZARIA RUEY FFAwg TN #dst
719 48 7}A ol@ o] Utk EF o2 T BMPs FH &
e 447 83 2UEPo) YAER FFF XE 3l
Ak 29 2PN 3FE ZUHY 2HTE o] &3
of olFolx RE 917] HFe] AFHo|: F&I BMPs
718 Hgol B AZas Yot F74g £ . o
2UHY 7199 A2 Asl FEMA ZFE o835
Frtste $gol dgtez AAHZ A 2HY 2FS
Aoy Bt 718 22 g FE daily time-step 71¥F 2
gol7] o, ZLAEE NIE + e Gl ULH,
hourly time-step 28 Z¢ F9g9 2 479 G2
B77b o] Fo)A 7] fEe] UAGE BMPs HEEFHE
Hrtstrlole A7 ATHFAE §, 2010; /&4 S, 2007).

=3 gosre g5 7te Y8 AFel7] g
27 FYu&9 g3 239 A2IEE JEEHA @47
2o ALgAE FH @ ZE GoAMT LS o] &3fok
e 8859 Aol Ak oo YoM 27 FHH|
go] Ao¥H 3, 22ICE FG BEEI I ARF
A vl ¥ 9 A3 7153 Open Source Software®] E%& &
Z ARSI 913, AR E HZ Open Source Software
o] A £H|8< =2 Open Source Software®] #4355 F3
sta gtk 53] FEMA FoplAE A AAIHLE Open
Source Software ¢ 3149l Open Source GISE &&¢
A2 7ol F715kaL lE FA°ltHAmbrose et al., 2009).

old] & AT FFHL ) AZTEE °8F AE #
-9} b Al2" EE 2) 9ge BMPsolA =8
o A AZES 44 2E AL 2 FEY H7 3)
Open Source GIS 7]199] Interface 7AE F3 A= #&
Boko] AgAAGA e FFLoG FAMNLAI AN
g Jgo) 88F F = BMPs B7HA2H 7fdol

2. 7Yy

2.1. Open Source GIS 7H2
#Aj9 A 2] BA 28 (Geographic Information System:

Table 1. Advantages and disadvantages of open source GIS

GIS) ¥ofe] AZEGJojE= tiFE ESRIAY ArcViewlt
ArcGIS 5% 22 398 AEEC FE o852 Ut
A I GIS 2ZEHol= AF 714 A7} Atz
A Qo 7] TP LY FEF Fof FoE 53
& 9 AFHAMT FEo| 7HEsteE Hol o A+
A dWE 8 AX7F EbsstHEEESL A8, 2009).
ol Ffe)H oz FolMA v go] A L AZEF O]
o] +A3} v E7} 8|3 Open Source GISY #&o] HAt
Z7lstal e FAOI(EEFY LG5, 2006). Open
Source GISE A2AFE7} MYEH oS ALEEH we}
AGEA AZ, ARE So| HEHEME AFAAS] A
o] HEHEE AEsE LZEFojo|tiTable 1). AHEA
7t AEA AZEJoIE FEE AMESR EFo 2A
A223EE $£38Y AR F AE Aol M E FHo
A%, Open Source GIS7} A dulsts AL ohn.

E AHEAEC] Softwares o] &sta AX2FEd] HIG
o AAIE FAL Ei) AZEYAE dAA = ALA
# FAE Jujgn.

2.2. BMPs H7IA|AH JHY

2.2.1. MapWindow 7|9t2| S8} Interface JH&

2 dFdAe o Open Source GIS 5 MapWindowS
ol &3t Alx¥] QIHHo|AE JfEEAT. MapWindow
(Watry et al., 2007)& Idaho FHth33l Geospatial Software
Laboll A 7HEE 0] ArcGISAlA Be] &85+ ¥E doH
2|2l Shape HYE 712EYSE 53 gk 22| Open
Source GIS A2ZEg|oje] £ &3 F el fARFY
EAS} AZEdolY F4# 45, 193 AE FES
olu] US EPAS] BASINS 2¥E MapWindowE 7|¢HoZ
408 A0l /Agse] WjEHI glon, FYHE ol F °]
£33 229 Agoe] I3 AP Fol7] HEN(MIY,
2009) & AFo]HE MapWindowE ©| &5t Interfaced
AEstgch Fig. 12 2 AFeA Awd Fri2de =
4 o]t
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2H0z AZ9Y ARE olgdd $& L FAE B
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A7l A& Ao FSolsA AHEAE 4FF ARE 9

Advantages

Disadvantages

* Not having to pay license fees

= Training costs may be high

= No restriction to the number of installations.

= New projects may have initial starting troubles

= Support of open standards

= No maintenance and support

* Good support of open standards and unrestricted use of the software.

= No warranties regarding viruses and performance

st st x| w28 HM3E, 2012
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Fig. 1. Overview of hourly rainfall-runoff and sediment evaluation system.
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ARFHF, 2000).

2,2.2.2. Curve Number AH 2E

FE&F8AF(Curve Number: CN)E F5HCZHE
AP &l dg FAEE Yehdoh CNgE v= Adz
Y 2 5 (Natural Resources Conservation Service: NRCS)e]l
A EXo| &4, £EHAY EGE, HELT gty A
A& CNgkol Z5 @853 A9 NRCSO| A AAIg CN
F2 Ha BAE s%u T AHaM e FEF AHE 3
gstch A Pol EFst BAPL Aoy FAY ¢ T4
o] WiwigtA HAst= Fulel FHEa7|de EAT U
ole] MPEFFF2ATN ZAEE Istd CNgt Aol
Basit 4 1dE 480 dFsts A+71(4¥€ 159~
109 15Y, Growing season)®} 4189 FH7]Q ¥]47](1€
19 ~49 149, 108 16¥9~129 31Y, Dormant season)Z
Wrx, 59 A¥83+Fe 92} AMCLILIIZ FE3Hy

EYE 9 EXo]8EH HAF CNGE 4 AHTable 2).
o|gA 4FE CN LILIIE 4 (1)o] H&sto CN#te
BAFLE 4 (N BAZF b2 A9 HEsr] 9k
Williams (1995)7} 7323k $A 4] ot}

_(cv—-Cw,)

CN,, = 3 - [1-2 - exp(—13.86 - slp) |+ CN,

(1)

714 CNye AMCI Z7selA ZAAlke] me B3d
CNZE CN;= BAME 5% disiAd AMCHT Z7 5ol A 9
CNEL, CN;E BAME 5% dis|A AMCIL 231351 A 9
CNZE, 282 slpe 99 FFEAE(%).

Table 2. Classification of antecedent moisture condition for
the NRCS method of rainfall abstraction

Total 5-day antecedent rainfall (mm)
AMC

Growing season Dormant season

| Less than 35.56 Less than 12.70

Il 35.56 to 53.34 12.70 to 27.94

Il Over 53.34 Over 27.94

2223 wEY M 28
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SCS B9EE 4 4 (29 4 (3)& ol8dd FEF
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Ak o¥A e SAAFREES o1& FFH2
2 AFRFHA (6)g AEHs9 SCSHFEAEE AHA
. I3 RERES AT B9FE 08T 932
2 UFo 1083 29l B2 FEFZEES 4 % 4 ()
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_ 25400

§= &3 254 2)
_(P-02-9)

Q= P+(0.8-9) ®)

714 S¥ E¥ HAWFARRSFE, (NS FEF4T,
PE ¥7H¢¥ 223 Qe fETIHE

o 1000 oz
_L (—CN 9)

= 4
be 4407VY @
d714 = E8A%E LS AAE, Ye AL, ONE #
EZ A F,

G, + Glogt, + Gy loge, ) —6

g, = 4.3046 % 10 (5)

q,=q,A (6)

d714 q= SHAFRHE G, C, G V&L=
0.25)% 79l W Storm Typed wi7i¥<(Table 3), o=
AFRFE, A: B3

223. FAIEF 7t 28 g

Egfde mE §AIEE AHFsy] A% PP I
dHEe F2 YRELEAF 4 (Universal Soil Loss Equation:
USLE)# 28 (Sediment Delivery Ratio: SDR)°] F& A}
&5 glt}y. A9 USLE 342 F=2 984 ESF4A
e 357 98 AEEA7] g2 £ A7l FFHAY
g9 59 g§ FAHF Aol AFsA gt ol
9d 590 o FAHE Aol 7ted FAUEESTEA
Z2(Modified Universal Soil Loss Equation: MUSLE)&
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Table 3. Value of the Cop, C;, C; based on the ratio /P

and storm type
Storm type la/P Co C C:
0.10 2.3055 -0.51429 -0.1175
0.20 223537 -0.50387 -0.08929
0.25 2.18219 -0.48488 -0.06589
I 0.30 2.10624 -0.45695 -0.02835
0.35 2.00303 -0.40769 0.01983
0.40 1.87733 -0.32274 0.05754
0.45 1.76312 -0.15644 0.00453
0.50 1.67889 -0.06930 0.0
0.10 2.0325 -0.31583 -0.13748
0.20 1.91978 -0.28215 -0.0702
1A 0.25 1.83842 -0.25543 -0.02597
0.30 1.72657 -0.19826 0.02633
0.50 1.63417 -0.09100 0.0
0.10 2.55323 -0.61512 -0.16403
0.30 246532 -0.62257 -0.11657
I 0.35 2.41896 -0.61594 -0.0882
0.40 2.36409 -0.59857 -0.05621
0.45 2.29238 -0.57005 -0.02281
0.50 2.20282 -0.51599 -0.01259
0.10 247317 -0.51848 -0.17083
0.30 2.39628 -0.51202 -0.13245
m 0.35 235477 -0.49735 -0.11985
0.40 230726 -0.46541 -0.11094
0.45 2.24876 -0.41314 -0.11508
0.50 217772 -0.36803 -0.09525

olgste] BAY FAFES IRUT. MUSLEZHE
Williams (1975)°] 28] 7igd Aoz gdd L/94 H &
& A9 EAAGE0] ofn wigdd Aoz {ARF AFA
AgeL 1Y ast glg. 4 (DS 712331 MUSLE
9 FAo|tt.

A=905(V-Q)*-K-L-8§-C-P M

714 VSt Qpe #EFM)F AFFFms)2E FEF
AgA A48 423 FFHT0l €85 A: BRE
2o 9% FAFHkgm), K& EF5HA4L, LS AldEZ o]
7L, S& AMEZARIA, Cx 443 EAQA, P EYEE
1A

AAAEAA: FEYZ BE ARAEHUYY JFFE
e, F8o #FHIT F¥L 77HA AFHLE Y¥
A A 44Eol7t et A#7t B FrEHEY I
o] ZasA Hol AAFEJIAE AFFHez ¥
g AT 71&9 AFENAME o) F 1A &L F
23 ¥ CFL o8 FAEES B/ ol Park
et al. (2010)2 Time-Variant C 2E5& 7§&¢std Fig. 2%
Zo] Z8Y JFo] B AH AE FHE LT FA
Z Gyt JbssES sk gEtd £ dFeXe FE
AR wE A AEAE JHE ¥ F Je
Time-Variant C DBE H&3lo] AIZH/ZE4 455
A& At
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Fig. 2. Change of the daily C factor (Park et al.,, 2010).
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238 H1g F de HEHY 2= SWAT 233
VFSMOD 28 S0l 3tk A3 SWAT 282 f9¢4
o RPoA I HE AEE Y82 o9, 24U
Zuorg sl =AW FAF AZEEE 79 AA
gdZHo 7 sl Wi fFAde =4d §FAAF
9L 39712 & AT ZAE 2499 FA AZE
Fg 43 & & vk BAE =4d FAAZES} B
7} 7b5§ VFSMOD 232 field-scale EFO2A4 {F&F2
AA A9 9% 9%, A= MUSLE 34 & o] &3ty
A3 olgA Y FEFH FAES o83t ZA
A AUz 4FF FAAZEES gt AT
VFSMOD 282 dxoA Aujes FAE9 44 @
cge WEE 13¥ ¢ glon, H9Fe% AR @
2 CONgtY H8E 2EE £ gE 930 AUtk oo v
4] S(2008)2 VFSMOD E&elA 10,0007HA]¢] Alvte]
e F7E 53 4 (8)F B2 VFSMOD IARZE A4
gt o] FARF L A ET IAoN BAEHE

FEZE olgstd AU FA AZEFE st
VFSMODEZe] o3& A Agaesd va/gdd 2%
AAAFR)S FEAFENT AY 19 A e Ue
W}, oo 2 AFoMe CcEel wsie AP Z/FA L
o2 CNEtel wsls 2ad + e 4 8)8 2499 &
A ARERE sk HEsst

Trapping Efficiency =

(-0.00007345046 x L* +0.001558 x L* - 0.006376 x " -
0.001189) x (LN(V))’ + (0.0009688469 x L* - 0.020779 = L’ +
0.095153 x L +0.019348) x (LN(V))* + (-0.004274 x L’ +
0.092846 x L - 0.487355 x L - 0.10563) x (LN(})) +
(0.006381 x L' - 0.140713 x L+ 0.869293 x "+ 0.19386)  (8)

&7]A INS AA21 LE 2AY9 Z(m), V= $5Fm)

23. RE/FAI HE8Y HI}

MEE FE-FAF HB7F Al2de AEA Frlde 23
AFR)S FEAFNSE)E ol &390, NSE 4H 34
& 4 (9)7 ZTHNash and Sutcliffe, 1970). NSE kol 1¢]
A7HeFE dFA7} AEAE F A58 Ae g

.
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n
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A71A O ZAHEE A3 g, e B Agd A9
A A &, O Y7175 2eAgE A
g gtk

R*7} 0.5 ©]4to] T NSE7} 0.4 ol4to|d 2do] AAgA
€ # B35+ Ao|v(Ramanarayanan et al., 1997), gut
A 2do] & W99 415 F7+2 Table 49 2}

Table 4. Criteria for evaluating model performance (Donigian
and Love, 2003)

Evaluation | Poor Fair Good

NSE <0.6 0.60 ~ 0.70

Very good
0.70 ~ 0.80 >0.80

24, A7 of XY MH

£ 478 5 e BMAAEL AYHE fEE
2 FAFEES BH71el7] ol Al2de FFH L Hrtsh)
AsM e BAGH 9 FEFFH FAHF 257 Bas o
o Zedgtads ZEE FHA MY 354 249
AlBEE(Fig. 3) Al A& A2 AFsA o A
FEE 3% FAY 7IZ S mx AZ 22 m9 272 24
5ol i, ol F FEo] BPFHOE o|FojA I Y=
ZE A FEFH YT PPeE AwEHT g =3
Tl 2HHO e AEEE AT 3539 29
& 53357 st AEE s RER 992 339
£ Flume} A7) $3A 7 AA =0 294 Z9go] AF
Aoz ZZHY old BE §2F =T AFHoE 23
Hi Ak AL {FARFS 2 ARl BE ZFo] of
d 4371tegte] B2 FH0] o]FjA L U

N

-

/"
s i s
s 2

Fig. 3. Location of study area.
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Fig. 4. Simulated hourly runoff.
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Fig. 5. Scatterplots comparing of simulated and measured runoff.
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Table 5. Comparison of estimated and measured sediment yield

Measured sediment yield
15.2 (kg)

Simulated sediment yield
16.5 (kg)

3.2 =M |AI HEED HI}

B AP e s BMPs 71 F 2Add dig &
AF AZES A48 RES AEstdd 719 EA 98 AlG
FGeE o]& AN HA(F 05 m, | m 2 m) o &2
FAF AZEHE GrisBgtth Al e 12 AEEY A
EIE FEQ F FAEd did 244 FHE, AUl 2&
AFZE Aualel =AY HE AL 32 ARHE
Aei7E YAY we] 24 FLoln, 2Eol| AHEE VFSMOD
A4 AU E3 AFEANAN SAHE FEFE 9
&517] gl 23S IA NP8 FHAEE RETE
o] &5t¢th. Table 63 Zo] AU fAF HAZFE Y
A Aol 7bg o] wAS, F AEER AH} IAE
Ho] g f 7} 3 Aoz uyggt 2 A
Z 05 mollAdE 374 Aldg ed v AREES B
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Fig. 6. Result of simulated sediment yield.
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Table 6. Effects of vegetative filter strip on sediment yield trapping efficiency

Scenarios Date wio VFS (kg) w/VFS 0.5 m (kg) w/VFS 1 m (kg) w/VFS 2 m (kg)

20110623 151 0.81 0.42 000
20110625 0.52 0.22 0.05 0.00
20110626 1.45 0.76 0.38 0.00

l 20110627 0.10 0.02 0.00 0.00
20110629 7.95 5.02 3.34 0.76
20110630 2.06 1.01 0.41 0.00
20110703 2.94 1.56 0.78 0.00
20110623 3.63 1.95 1.02 0.00
20110625 1.25 0.53 0.12 0.00
20110626 349 1.84 0.91 0.00

2 20110627 0.23 0.05 0.00 0.00
20110629 19.21 12.13 8.06 1.85
20110630 4.99 244 1.00 0.00
20110703 7.15 3.80 1.89 0.00
20110623 4.63 2.49 1.30 0.00
20110625 1.60 0.68 0.16 0.00
20110626 4.45 2.35 1.16 0.00

3 20110627 0.30 0.07 0.00 0.00
20110629 24.64 15.56 10.35 237
20110630 6.40 3.13 1.28 0.00
20110703 9.21 4.89 2.44 0.00
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