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Application of AGNPS Model for Nitrogen and Phosphorus Load in a Stream Draining

Small Agricultural Watersheds
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Abstract : The event-based agricultural non-point source(AGNPS) pollution model was applied to estimate the loads of
nitrogen and phosphorus in a stream draining small agricultural watersheds. Calibration and verification of the model
were performed using observed data collected from rainfall events in the Imgo watersheds during 1997-1998. Parameter
calibrations were made for the runoff curve number. The peak flow volumes in the watersheds were well reproduced
by the modified model. Average deviation between observed and simulated values was 10%, and this match was
confirmed by the coefficient of efficiency value of 0.97. The deviations tended to increase as the peak flows increased.
The simulated total N concentrations in the stream water were fairly close to the measured values, and the coefficient
of efficiency in the estimation was 0.93. However, there were relatively large variations between calculated and
observed values of total P concentration, and the coefficient of efficiency in the estimation was 0.74. Any inaccuracies
that arise in estimating runoff flow and nutrient loading can not be explained exactly and further adjustment and
refinements may be needed for application of AGNPS in agricultural watersheds. With this restrictions in mind, it can
be concluded that AGNPS can provide realistic estimates of nonpoint source nutrient yields.

Key words : agricultural non-point pollutant, AGNPS, curve number, peak flow, nitrogen, phosphorus

N E

AN 5 o8 Hele 98Tl AVHo)n wH Yoy
22 oo} Y& APM HE T A o] BE
FAF F7s AR A A4 Fur} nES F4E
7hel F7k2 Q8 Agasu 2RASY fdo) ¥R &L 59
Al 249NN ad5e ego] A At ¥R
o AHolAM AHE Y72 & Hdo] THoR HAH o
Y AR A Jude) AN ArjEE 3L RA
43}, A% Tl die 047~1994 mg/L, $9& 0~021
mg/LolgEd, oajg 0 428 Rz} L 528 YA
A3ay A2 2 sPAY 28HE0] ofu] Y
LEREE

Tel: +82-31-29-0206 Fax: +82-31-290-0277
E-mail: mkkim@rda.go.kr

-]
-

192

Qste] vAld T8 e Aoz zZAEUW. a2 o)
8 £E8 Ah9 Q9] A 3 2F $AA A48 vg
U HHE H e wY wiHLGYdl 7Use Ao deA ¢
o,

ol2jg Mo HYL Hogdn 9 w& Halo 93 4
It B35t e FHo] AfT, F99 Ao} #7d)
o3 DA FEE ) gRo] PHE Falgoh) weg
2 287t WS oG, B8 UFAE FYclME 5U8E
oA % e@RsES ZAEY AR Wi AT
o]9lo] T ¥ Fo] He AHE 5 2AYdMY EU
FAULe] F4E IFHoz B3l FAHQ LEEAE 7
LA Ao HIYOHUO R R FERIE ALFHOE ANG
Q7] WE?, 2FE fgo oA HFR P B3 AnE
mebsln ofF E8FoZ BeEFn A & s A ¢
ojzjo} & ot}



A7FR YA A2t A9 83 ato] tig AGNPS 2¥ H§ 193

ofn] gFollM= EXAME qE FHAN FHAM BIHLE
2313 F4317] A8l AGNPS, CREAMS, ANSWERS §#% 2
< g #34F 2yo] g o 1 HE Hs 7]
£¢ gl Wa7kn Qo7 olg 23 Fo]A AGNPS 23
vl=9] Agricultural Research Service} Soil Conservation
Service(SCS) ¥ Minnesota Pollution Control AgencyolA &+
Ao YL EE FHsn FAHIHLEY BAE A HE
s HHHAAAE FH3] A% FHOR FF NLE 2X
& vl T8olt)l AGNPS B8e IAFR olde &0
ALY &+ o FRAPPEE APRYdN £33 ARE o
L3l A BR¥e F&o] b 28] U FY K99
AE o] 28g o §d FYHHLEY B} s Aot
BE o)8% 2¥EL 28 Ugdede tE A9l ¢ 43 &
Aol AR e, Fud A& o WA 2 skl FE
3 AEs|ojof 30 oo webx 8 el dFd A HI
d 2o sge] ojFojzel & otk ¢ UM wH
AEA 9 ez AGNPS 289 A& 7h54do] BEHA
oY, EQdNE FH §25%9 dF £2E 9% A
AGNPS 23-& Geographical Information System(GIS)# A8}
o ¥ f49) HHY RIAFE dFsted ol & el Re
2 e

B dpdAe 2T ¥ #9498 AR 24499 #2
2429 9% PP AGNPS 23 & o] 83 4FAE vwslo
olg|§ AGNPS o] £z uet FgAH FHolA HHey
Ralgs F4sh=d 349 + UcAE ZEHUG

rle

M 3 4y

AGNPS ZH2| 0|EX 7|24

AGNPS R8¢ IFFE olie #9& didez ML=t
o §948 cellolzln R2e WY A2z FEIL 4 HA
A A8, EY EXol 2 A4, "2 F9 $ARA ¥y,
Hg AHEE EYFY fE ¥, COD, 78 J4F £E
Z3 59 Houy To B3 NS E dEHstd AY REF
£ 7ot EY FA%E Al 3f 7oz 23 ¥ ¥
£ F4%o folo 70N wHLERFE AR o B
AGNPS 282 2%, A543 A% 282 3342 % #
9] Rate 3% & e N15E /AL Jen, g A3
NE ZAL A §90N AN&Hog 2¥e Bad 4 48 ¥
o dal A% A2E FHNT 7Y £HRAH ARES
Hy7}t gaste, 2Y9 WANFES £, LYol It

AGNPS 2 ¥o|A 319 AF{FEFL 5G9 B g8 o
29 4 ()3 2o 24E9”. d714 Q& 4% #FEF(om), P
£ ¢ mm)o|n St Aol FARAFHmm)AH 4 (9} 2
o] Axtdtt. #4, §&FAAZ(Runoff Curve Number, CN)=

F99) EX0lE, EFEF, FEUY EFRY 59 3P ¥
%o 0~1009) W eIy By

rir

_ (P—0.29)?
Q= "Pross s 0
s= B _ gy el

Aol ) AFf 3 Peak flow) Smithe} Williamse] 7
4L AHgstel the 4 @) 2ol 248 Sy, ol
£ AFHHm/sec), AL FYBAHKm), CSE 318 A A m/km),
QE #3Hmm), LW £ §9 Fd%e) oig WRuY/A)eln
Le) @9l kmolt}.

Q=3.19- A" CS% - (8

0.%3AU (i
) . LW0187

BAE ¥ AAAe BEAE £3E $3€ Universal
Soil Loss Equation (USLEO.2 739 ok 4 (4)sh 20, o
714 SLe EAlEton), EIE 7342 A4 (m-Mg/ha<cm), K&
EFHAS, LS AT, Ce AEAEAS, PE EYRAA
&, Fe 74 BAQACY. o] o) EFYNAS K ofg 4
G} 2ol Addn
SL=El-K LS :C P F-------v---- @
K= 2.1x107"- (12— OM) - M""+3.25(S=2)+2.5(P=3)

100

q71N OME A71BAFRYEE, PE §TAF, St EYY
FEAFOIL ME &9 4 () & T
M= (%MS + %VFSY100 — %CL) ------- (6)

of ) %CLE 0.002 mmo|ste) HE WEgolnl, YMSE vlA}
WEg P %VESE 2AX 92 g Yehit, 123 EARe

Table 1. Rainfall, APl, and AMC for rainfall events in the
Imgo stream watershed

Event No.  Event date Rainfall AP,  AMCY
mm mm
1 Jun. 26, 1997 750 450 I
2 Jul. 6, 1997 590 149.0 m
3 Aug. 4, 1997 83.0 9.0 I
4 Sept. 3, 1997 13.0 340 I
5 Jun. 15, 1998 150 175 [
6 Jul. 25, 1998 170 30.0 I
7 Aug. 3, 1998 295 66.5 it
8 Aug. 8, 1998 35.0 480 a

1) APl : 5-day Antecedent precipitation index.
2) AMC : Antecedent moisture condition.
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Fig. 1. Map showing monitoring sites of the Imgo stream
watershed in Yongcheon, Kyongbuk.
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Table 2. Area, slope and land use characteristic of the cells

Cell No. Area Slope Forest Upland Paddy Others
km' % % % % %
1 397 1410 8 9 5 5
2 199 1829 95 1 4 0
3 3.97 1% 32 10 55 3
4 3.97 840 44 25 20 1
5 298 149 71 10 15 4
6 199 1059 74 9 12 5
7 397 7130 9 2 5 0
8 397  3B2W0 % 1 5 0
9 199 556 73 10 14 3
10 3.97 119 6l 18 16 5
11 397 058 48 15 32 5
12 397 087 32 26 35 7
13 397 715 55 12 25 8
14 397 716 40 9 41 10
15 19 1002 4 14 40 4
16 298 820 20 2 8 0
17 397 1288 83 6 1 0
18 397 1389 9 2 5 2
19 397 302 65 8 21 6
20 397 055 43 15 36 6
2 397 0.71 51 11 35 3
2 298 114 64 7 3 6
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Table 3. Data source, data collection, and applied methods for derivation of the input variables and parameters for AGNPS data

sets

Method of
determination

Input variable and
parameter

Data source and collection

Fertilization level

Soil texture Foster et al®

Mannings n for
concentrated flow

Soil erodibility factor

Young et al.”

Average slope length Young et al.”
Cropping factor McCool et al?
SCS curve number 5Cs?
Surface condition Young et al”
constant

Aspect -
Maximum runoff Young et al”
coefficient Pamuska®
Average land slope -
Channel indicator -

Field slope length Young et al.”

Schwertmann et al™

Field survey in analysis watershed

Particle range, Density, Full velocity,
Equivalent sand diameters

Land use, Soil texture, Estimation
based on literature

Soil texture and Formation
Land slope, Topographic map.

Storm event, Land use

Land cover, Treatment, Hydrologic
condition, Topographic map

Land use, Land map

Digital elevation model

Land use, Soil texture, field capacity
Digital elevation model

Topographic maps

Land use, Topographic maps
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Table 4. Statistical parameters of observed and simulated yields for peak flow rate, total N concentration, and total
P concentration in rainfall events of the Imgo stream watershed

No Peak flow rate Total N Total P
Watershed ~ Area Type ¢ ’
ofevent  \fean sp' Mean SD  Sum Mean SD  Sum
km’ m’/sec mg/L mg/L
Observed 4 1255 8.87 403 114 16.10 0.09 0.09 0.36
I 1422
Simulated 4 13.86 9.86 397 115 15.89 0.13 011 0.54
Observed 4 12.33 13.60 1990 261 79.61 017 025 0.70
1+10 3577
Simulated 4 13.76 15.22 1952 283 78.08 0.14 018 056

* SD = standard deviation.
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Fig. 2. Observed and simulated peak flow in the Imgo stream
watershed.
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Fig. 3. Observed and simulated yield of total nitrogen
concentration in the Imgo stream watershed.
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Table 5. Coefficient of efficiency for simulations of fourteen
rainfall events in the Imgo stream watershed

Peak flow rate Total N concentration Total P concentration
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Fig. 4. Observed and simulated yield of total phosphorus
concentration in the Imgo stream watershed.
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