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Development and Application of Total Maximum Daily Loads Simulation
System Using Nonpoint Source Poliution Model
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Abstract

The objectives of this study are to develop the total maximum daily loads simulation system,
TOLOS that is capable of estimating annual nonpoint source pollution from small watersheds, to
monitor the hydrology and water quality of the Balhan HP# watershed, and to validate TOLOS
with the field data. TOLOS consists of three subsystems: the input data processor based on a
geographic information system, the models, and the post processor. Land use pattern at the tested
watershed was classified from the Landsat TM data using the artificial neutral network model that
adopts an error back propagation algorithm. Paddy field components were added to SWAT model
to simulate water balance at irrigated paddy blocks. SWAT model parameters were obtained from
the GIS data base, and additional parameters calibrated with field data. TOLOS was then tested
with ungauged conditions. The simulated runoff was reasonably good as compared with the
observed data. And simulated water quality parameters appear to be reasonably comparable to the
field data.
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ol o9z (total maximum daily loads,
TMDL)7} Hasjch

Aol 4] w
AU X & ﬂl*ﬁkﬂ AR A
25te Zloltl (Novotny & Olem, 1993; USEPA,
1999; NIER, 2001). wiselAd= 19729 23848
A (Clean Water Act)2] 303 (D)ol elAA3ke] u)
EF FAVES WEPNE BT, FAVES

A 2 49 TMDLE 7—% F2 g7 A&
LiE

o) TMDL Z27de Cﬁlﬂ“&iiv‘:— FA7E
S 24 % B4ol FEHe A Aoz

v edy a8 B
et kA &g TEska Yk (Novotny & Olem,
1993; USEPA, 1999)
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2dFFE F4 oF mda sjdes Agsku

Atk edFHPE  Edd= CREAMS  (Knisel,
1980), ANSWERS (Beasley et al, 1980), EPIC

(Williams et al, 1934), SWRRB (Williams et al,
1985), GLEAMS (Leonard et al, 1987), HSPF
(Johanson et al, 1982; Barnwell & Kittle, 1984),
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AGNPS (Young et al., 1987), SWAT (Arnold et
al,, 1993) 5ol gtk olg By FojM sEFYe] o
HEFFHol ASEE dEAR Zo] SWAT (soll
and water assesment tool) E&oltl SWAT =¥
2 vlERAgdA AR AoBA EIF EX|o|8AH
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AR1%= (digital elevation model, DEM)E 743}
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EXAEEE s, YA PERE SR
A RA~E  (national geographic information
system, NGIS)#} FQ7|¥-EAIA &8 sdA]a)]
ARA)l2" (rural geographic information system,
RGIS)e28Y AR EFes Ak

715 BoRo] Axpdolng A (Grid) 2
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2 Aol SWAT =3l dis] 92 Use) &
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RAINS 739% (mm), DR< #&% INF& &%
(mm), ET 324 (mm), 281 = 9% (day)
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LOading simulation System, TOLOS)< 71asts
=3
TOLOSS} HAAQd Al ke o]
Aot zch ’POLOS-J L8 o%k Xé'% Az 9
A E 75 GISY RS ol8sisith e dzg
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(artificial neural networks for remote sensing
image analysis, RSANN)"“ 9]5“*1 3‘%3}9\1‘:}. <
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A (R2)E 0.0~1.0 891e] gke 79, 1.0 77}
EFE AL AFXe] BEgs # e g
v, dAlee 9X A9 exkes Hrkske Few
A &9 AxE JehiAE Eeith  wEhA, 2k
Aeg Jehyr] 98l RMSESH RMAE 5-& AMSst
o, RMAE”} RMSEe®] vlsle] 2xf0] 271§ o &
4oz JehlE A4 NEE AREY (Maid-
ment, 1993).
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EI = (ST—SE)/ST (6)
ST= g:l(Mo—QD)Z (7
SE= g‘,l( Q,— Q)* (8)

qg7IM, Qo= &R, M, v HF5X9 -
oAty A (5-5)olM ST= HAEFA 7] £
(initia]l variation)& WYERNH, SE& AEX|9} 2]
9] BX] (index of disagreement)E vERdTLH

El= F4A)9} AEX|7F YAIshH 1.001H, 1 Fhol
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I 1. SWAT Z8o| gla{iis He

SMFMC Melt factor for snow on June 21 (mm HxO/C-day) 0 10
SMFMN Melt factor for snow on Dec. 21 (mm H:0/C-day) 0 10
SPCON Linear parameter for calculating sediment 0 0.01
SPEXP Exponent parameter for calculating sediment 1 15
NPERCO Nitrate percolation coefficient 0 1
PRERCO Phosphorus percolation coefficient (ms/Mg) 10 175
PHOSKD Phosphorus soil partitioning coefficient (ms/Mg) 100 200
ESCO Soil evaporation compensation factor 0 1
SLOPE Average slope steepness (m/m) 0 06
SLSUBSN  Average slope length (m) 10 150
CH_COV Channel cover factor 0 50
ALPHA_BF Baseflow alpha factor (days) 0 1
GWQMN Threshold depth for water in the shallow aquifer required for return 0 5000
flow to occur (mm Hz0)
GWREVAP Groundwater revap coefficient 0.02 0.2
REVAPMN Threshold depth for water in the shallow aquifer for ravap to the 0 500
deep aquifer to occur (mm H20)
USLE_P USLE equation support practice factor 0.1 1
USLE_C USLE C factor for land cover/plant 0.001 0.1
CN Initial SCS runoff curve number for AMCI 30 100
SOL_AWC Available water capacity of the soil layer (mm H:O/mm soil) 0.02 0.2

Al 1FAEY BYoll oF Hbo] 90%2A HU= B d7oHE SWAT 239 JEA88 7] 7=
el 827% Rt A UEpsich 2 71, A8, BEY 59 RDBMSS AAs GIS =
FASE 7IEE2ZHE afd BAE, FAEE 2 FAaed st AgEh. SWAT 239 gt
AR AR 5 TEIINL 1/25000 AEEY  BFAM R Add] 8L miRle FE -4 )
TaYE FESHESrE BEA, EEAEA:, st a0 me #Hags Ao % 149
ZERIANE, FFRAME 55 TEIE 2ot AAE wErS SadR (SMEMC, SM-
TYsE $¥y $ARge] 1S 8 98 9 FMN), fAFF A oz (SPCON, SPEXP), 4
ocare AR A8 IE (grid) AEE st ¥EF AP Al (NPERCO, PRERCO) & 9
How, edddel EaEA 30mx30me] = A iAol EYSERARIA (ESCO), HdAt
& AMEsigld: (SLOPE), ##¥ #2% (SLLUBSN)2 F-8HH
¢l HRU®} 435 7|2 wifigiso|cl. =3l 3h3s
Bzt (CH_COV)x shad uizisols, 7|4
Azl &S 25| 93 SWAT 289 ¢ 2%} (ALPHA_BF)& #1815 mi7iw4 (GWQMN,
dalgi ek 745le] 9tk SWAT =ae] of GWREVAP, REVAPMN)® A3k &l 93

o

¥

& L

3.5 SWAT 2&o| o7

dxlgis 9o Aule] FA AL golupuse  TRE AR, FEHRANME (CN), AERRIA

L

Zizte] Agdus QlEEE 2g @ 7 agol g (USLEC), IA=HAZ (USLEP) 58 A2 H

L H 3T =
o] sRoddielde Qess g TALn, zy 2 Feod AL EBE fEFER (SOL_AWC)=
FeAE, PAE, AROAR, SSaaE, Bo  EUREION
g, AZ@eAE, 293 Akt T8 TR F
2k
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4. NAgo| Mg
41 Rge| B4

SWAT =& AL AEF] HP#6 Afool
i5jed 199613 ~1998 3] ABE AMESIditE SWAT
23e] AL At B RMSES RMAEE ©]
B3lo] HH o/fies FEITE BEe A oA

£ 9 4590l lele] wAAD, A 043
°c}%7él?_ AL D EQ19] X2 F3sk )

1) &%

2% 3& BAZIZKRI 199730 isted 7hgakel] u}

FEYe) YA 2N WaE RelFn ok

A Sl e o) fEel vl2A Ueh £%
$& B9%o| B0mmEA HUY Hel 1996l

0560193, 7530l 1,204mmEAT BAE 39l 1997

Hlwste] G71e d9g el ok 23 1
AF7|7eete] HP#6 Afreje] A&Ae A&xE
A gro=A, 19963 3 ASU e
o] 738mm%L, 199732 1,204dmm$irt X}EJI
ol g d5 FE2FE Aedol 2R 1996w
376mm 1o, 1997'delE 863mm=EA FEgo] 2+
7} 051, 0.722 et A A8r|)kte g f2&
< 0649 Aoz VERL

SWATe o3t Reo] AnE dA5Xe] 45dg A
93t FE8-2 199633 199730 24z} 0.583 0.68°]
A, A Aol dEiMdE 0649 FEES EHIoh
zgo] Ao AMRHE AZXE Qe A AmIIKe
tale] Atlexi¢l RBE 0.18%, RMSE: 2.30mm/
day, RMAE+= 0.4lmm/day, EI+= 0.93, 285 4%
AdE 0939 S 2ok

2 o
i ;

ol 06824 ArHow 2 g8 ugld 2) %
i . . SWAT =EFE o83 dd FAEe FH&
F 2% SAA WFE olgsld AEA} mejA| _ N
RMSE®} RMAES BA32 sl ZARY, 799
100000 T " '8 g .[ 0
10000 mmmRainfall | 100
! ——— Sim_runoff
1000 200
= + Obs_runoff £
E =TT
py 100 {1300 E&E
g 5
(1] —
S 10 400 £
2 14
[a]
1 i 500
0.1 600
L T el (0.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
a8 3. wETl diE AEx|et molx|el ulw ZAw} (1997)
2 wEH HEU|IZol gist AEX|9t 2ojx|e| vlw A}
Year | m Lo | ®
1996 274 738 376
1997 350 1,204 863 093 | 0.93
Total 624 1,942 1,239

a-RMSE (mm/day), b-RMAE (mm/day)

FIBE W1 20034 253

123



o
er

I 3. wAREe 23 J|ziol of

Year | measu

362.12

Al

B

o =o|x|o] vijm A}

330.70

1996

1997 350 753.67 578.56 753.24 36.09 0.70 | 0.77

Total 624 1,115.79 796.49 1,083.94

a-RMSE (kg/ha/day), b-RMAE (kg/ha/day)
I 4 2R BHHEY|ZIo| fEt AEXL Bojx|o| v|lw ZHa}

Item | Year b | H R
1996 274 12.76

TN 1997 350 24.23 40.32 24.19 4145 [ 0.15 | 069 { 0.73 [ 0.84
Total 624 36.99 60.31 35.32
1996 274 161 1.22 1.38

TP 1997 350 2.77 2.62 274 5.69 10.02]062) 042 |081
Total 624 438 3.84 412 J

a-RMSE (kg/ha/day), b-RMAE (kg/ha/day)

100 o 10
g 10 § 1
g g
2 = 2 o
z a
= (=
2 o1 g oo
K k)
E} >
£ £
@ oot @ 0.001
1:1 fine |
0.001 — 0.0001 g
0.001 0.01 0.1 1 10 100 0.0001 0.001 0.01 0.1 1 10
P
Observed TN (kg/ha/day) Observed TP {xg/ha/day)
O3 4, LS MET
734, Manning®) 2547 USLE C1#L z8ln 7 1996\l 218 kg/ha, 19979l 579 kg/haZA
=

USLE P¢IA 522 BAsisict

X 32 A wpiEreRE 45Ys A 9
Ak 74 23E AEA9) vl vehix
th i 3049t o], Bao) 23k Atk F Ak
o] 2R 3i2l 199639 362 kg/ha/yr, 1E)il
$-o] WlwA o] il 1997\doll= 754 kg/ha/yrE
A2 FE UERYE F28S 7R g 45 fA

o 0

oy
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% A=7)7HES 796 kg/hafiem, RO AR
199634l 331 ka/ha, 19973 753 kg/hazA &
1,084 kg/hagith AEx)e} Hox]e) FAA wge
J e A7} 36%, RMSEZ} 6.37 kg/ha/day, RMAE
7} 0.74 kg/ha/day, EI7F 0.70, 18l ZAAASG7)
07722 Ueisith B9 fARRE A& fAlge] At

& wlwy @ dehhu gout dAmes 4% f4t
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3) GF=4

FUEAY FALe} FR9) AEX 9} EYXE H]
wale] HHEE ARE EAH HIFS olfsle] 1}
i I 4oMe} 2ok FEAe FR1L dAHoR
27} 2ol nlg] & & B Fdae X
A thete] AZx7} 60 kg/ha, EA7F 3632
kg/ha®A et 4145%, RMSEZF 015
kg/ha/day, RMAE”} 0.69 kg/ha/day, EI7} 0.73,
a)a ARAG7E 08424 v|lwmy Belx|e} HAEX7}
FrARRE B3E Bolch 283, FR1e] Agele 45A
o} mojx)7} 2y} 3.84 kg/hast 412 kg/ha2A A
3 &S B9, RB7} 5.69%, EI7Y 042, 18w 4
AAF7E 08124 A&AE 2 st e A=
velgtl T3 45 9UEEe FEie) ERlo &
219} 28] AT EE BefFa ik

/\L/:ls_x

lo

ol
2
iul

o,

)

|r>J

o
B3
W

1) &%
19 581999 thalo] el me el
&9l melXo] WgE BT glow, fEHe

0.76 054 Hs=gt & Rtk

I 5% FEF Ui 23] 1A AnE v
Ay 199919 FF AFY HEEE A
1,235mm 93, 200092 1,249mm Stk =FE717kel
gt A2 fEe 199910 846mmBA HE80]
069%3, 200002 7mmEAM FE80] Z7} 063
o2 Vet 28e] R Azl {&E&0] 1999

100000 ———v————ﬁ—-rrnr—r—Trr——[ T 0
10000 Rainfall 100
Sim_runoff |
£ 1000 1 + Obs_runoff 1 200
£ o — - £
o 100 300 E
(@] =
® =
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Year | measurements | B | R
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Total 449 2,484 1,630 1,771 0.656 0.713
a-RMSE (mm/day), b-RMAE (mm/day)
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Total 449 2,122.93 1,632.17 1,895.37

a-RMSE (kg/ha/day), b-RMAE (kg/ha/day)
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Total 449 59.97 67.34 51.49
1999 299 3.49 2.45 3.00
TP 2000 150 3.58 2.19 2.84 2530 | 0.04 | 067 | 019 | 0.8
Total 449 7.07 4.64 5.84
a-RMSE (kg/ha/day), b-RMAE (kg/ha/day)
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