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Prediction of Daily Streamflow on Agricultural Water sheds
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Abstract

The objective of this study was to develop a hydrologic simulation model to predict daily
streamflow from a small agricultural watershed considering irrigation return flow. The
proposed IREFLOW(Irrigation REturn FLOW) model consists of hillslope runoff model,
irrigation scheme drainage model, and irrigation return flow model, and simulates daily
streamflow from an irrigated watershed. Two small watersheds were selected for monitoring of
hydrological components and evaluating the model application. The relative error (RE) between
observed and simulated daily streamflow were 2.9% and 6.4%, respectively, on two small
agricultural watersheds (Baran and Gicheon) for the calibration period. The values of RE in
daily streamflow for the validation period were 6.0% for the Baran watershed, and 2.8% for the
Gicheon watershed.
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Fig. 1. Flow chart of IREFLOW model
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Fig. 2. Conceptual framework of hillslope runoff model

276



A Fol Eoks B0 Mg 18 AR
Tank =R AAkslo] 2tk 15 4% Tanki vl
Aoz TA o] 785l 3] Aatlo] Z7}
Sha EEHE S| ul&o] ATjH O R Z7h3te] A
4§30 Z7k5H) A

2okE50) v % Stuveat 79 FolAl A
B REE §RHL 022 e iR
ofele] 4] (3 o] 15t Tanke) AF44Hel ut
e} A4t o ek,

(%SATUMX—SM) SM >0 5-SATUMX
1=\ SATUMX )
6)

0, M <5 -SATUMX

0§ 7] 4], SATUMXE H o] Z81E 2 (mm)2 L)
W= w7 o), SAT= 15t Tank®] 474
(mm)-& oJnjgtet,

Ao R e Ak 72T

2|3l ¢

A o ZER0 18, SRS A
wlo} 2lek, 2, 7-9aF Fol A E3E 2o vl 8o
el Fol A% $20 Pz gEE

277

=3

89

SR Ho| dH AR

4»
02

=z
=S

ojE Aoz vfehfH ol 4] (Do} 2t
SrFow, =SatuArea X ThruA, “D

o§7]4, SrFonE= %) F & (mm/day)olct,

1Tt A% Tank25¥ 2tk A& Tanks AE7}

iz v, ojn} AR A BEAGF 9
Hgealo.2iE T
0 ST, <0
PEROMX /2N QAT <05 -9TUMX
Perc,= SATUMX - ST, <O
PERCMX ., SAT,; >05 -STUMX

©)

of71A, Perc= 199 A% (mm/day) ]9,
PERCMX = &l o 358 mm/day)-& Lrepdi o,
SHH, 15 Tank® #5754 SAT = Ado] A

RO oo REE Bad PAAE o)

o 1=
aho atol Ak,
SNT=SAT,; + ThruH , — SrFHow, — Perc, ®)
Abgo0] A et §-5E 2%k AR Tanke] 4
Faalo 2 RE AkE e} 2

UnSituFlow, = CR - (UWT,-H,)
DrFlow,= CP - UWT,

@

o] 7] A, UnStuFonv= A] 328} 3-E 7 (mm/day),
Drflonv= A8k A% (mm/day), UNT= 2%
A5 Tank®] AF A4 (mmol™, CR, CPE H,
= Bg o ujr o)t

A5k §-EHF-L 35 AF Tanke) AR4HO
BEXRE o) A& o] g-ske] 3Tt

GWHow = CF (GWT,)= )



90

St ZHHBH== X132 Xi2s

7] 4, GWHow = |t R-E5(mm/day)°]
o CF, Ext= -9 o]l w2 v/ 8- o]
U AAF 59 2E 29 elxjof 5 Gak-e Hh=
c}, GWIE= 289 (mm) S LreER | ofalj 2] 4
o oJ&ff ALt

GWT = GWT,, + DrHow, - GrHow, a0

LL BI7HK|SE o2 2™

WAl FFE SFE F4lS wEoln)
279 $%E BN YRoto] v s Fojol
bR HiEc) g WA Tol| 3 E
Sepo] BME o] PO R Fejfo goz
o] galat oz ie ojgje) 4oz
Be] Abec)

DR,=ST, -CH ST, >CH

DR, =00, ST, <CH an

o} 7|41, DR 124 2 sEef e mme) o, ST
= 120 4 4mm), CHE Bamzolmm)olch
AL olie] B AlozRE Ay
]

=
i

ol 0] B T, A9, FbE Y

= 0 X

S oR e BHAL AN 68 4 9lck

s
Jut

ST'= ST, + IR+ RN, — INF,— ET, 12
o714, IRE 72 mm), INFi= 3 %-2Hmm)
ETE= =81 9] S4H4lbammoltt,

Ck 20 23 2

WA B A2 A WS AsET 2D
N 2oz REste] AL, A%

o QRFL: ofe) 4]3} o] ujEbel§4e DR

278

3} 7] sEo4e 7N, OF ] Fob,

QRF =OF .+ DWR,

Qe o WY, e, Bk
2R WG Fol A A Eiju o OF
L ohgat o] Tt

@ RALA G B0 Ho] Qfshs Supo
& gt

@ %9l Astol 2719 @] Bakch
58 Aol AR BE AR WA
& gt

@ %9l A3 Gpilo) Bunct ow ¥
FE WA 2R G ASe] B2 Y
RS A RO 2 Bk

[e]

ok
{fin)

N
Y

Mg

4o -

o
=5
&

e

T T
4 odo o 2
N
o

o
ﬁ.‘lﬁ
52
i)

DRF,= GWFIR, — GWFNO,

o714, DRFL 2 i)

GIFRE TAATERE &5 9 A5

$EHmm)o] 1, GWFNOL 5%+ T el

A BAAFo] FFHA) ek 2ANA 4

W A5 §EHmm) S olrate
TGS 4] 1519} 7o) Al 2171455

A B A4 B Qste] Uz AT

& (mm)o|

i 3

1.
T

T
by
rlr

°

RETFLO,= QRF,+ DRF,



. IREFLOWE%2] ¥& Ak
or &
7L AR 7R 514 28
7144
T WP A FERYEEE 9 AR5}
T ARA A= A e e S =
drje] A Ao} A FE AsEAe Al A2
AR AR e B %#%J AeA] ZAE
WS a8l 3o, §7150] e
sto] & o8& @] mofo] gojetar, A
o A U A A 5]

LA = Fig, 37 Zo] eAA A E F=7

=l

Hyo R stof IRA| ol WHE,E SHot HPHOE A3t = HARAS dAB

AL Qlek, R o] HA] HAl2 816.8ha]™,

FANA = 221.3ha® 27.1%2 AA|EFAL 9l Lt 2 B

), AP A = 153.0ha=® A WA 9] 55 1%

St} WekA] = A 187 4S F5ke] 3 WA - vy B oS A

AAAZTE WHErE SF0L e, °]-&-5kq Hrde A s, H

WA FETE (25 = vt v 3592 T+ gt SaEolet we

2HE {9 =8 fYskol ikt e R & 2E A ARRE ojgslgon 7o
Loohasl 2 oofe HAE Ko 9t WHFe2FY viege AL, Wi
AT AR EdE 2ARY & APgsk A

S AZA (HP#3) A4 ok 2A4¢ IREFLOWE G #85tef 9t AJelx

E 93t SASA HP#), P §2% =4S A& F 3 A B

FoF ZAFHPHD), AF
WEH e IoHRF

sd%

7|4 A A 2

0of O
g9 5=

2= 511
L5 3ge

AAZH(HPH#L, HPH2) 2= A= ‘21
Aol AMEE HP#HLRS
o A=} Sl FASH ol
1g 49/]_ 7¥o] H)—o]—x]q_ /\PEoﬂ
2z 84
et 7]
313.2hao]H, %7H‘%H
61.5ha® 19 6%= 2HA|8lal glom 4
209.1ha2 A HA19] 66.8%0] o
71AXE] SFF ko] sk
Ak oF 5b7] 13t RAASAHPHNO] 9o, A4x] /)
o TAHHPH),

dlokz

r,]-

O_Z=gko
‘ﬂ‘%oa A

A} (HPH9)O} Wl4e}

Table 1. Geomorphological characteristics and landuse of project areas and data used

Watershed Baran (HP#1) Gicheon (HP#7)
Watershed Area 816.8 ha 100 % 313.2 ha 100 %
Paddy 221.3 27.1 61.5 19.6
Forest 453.0 55.4 209.1 66.8
Landuse
Upland 81.7 10.0 26.3 8.4
Other 60.8 7.5 16.3 5.2
Shape factor 0.1280 2.2743
Relief (m/m) 0.0220 00354
Channel slope (m/m) 0.0076 0.0127
Period of data used 1998 ~1999 1998 ~1999
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Fig. 3. Monitoring networks at the Baran watershed
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Irrigation water Imigation return flow (mm) Return flow rate
Watershed o
(mm) Quick Delayed Total (%)
Baran 1998 1,004 105.4 229.6 335.0 33.3
(HP#1) 1999 1,143 109.7 258.4 368.1 32.2
Gicheon 1998 918 197.2 239.9 437.1 476
(HP#7) 1999 1,085 165.2 253.4 418.6 38.5
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Table 3. Results of daily streamflow simulation for the calibration period

i i i Streamflow (mm)
Watershed Slmul.a tion Rainfall Relative error(%)
period (mm) Observed Simulated
HP#1 '98. 4~'98. 9 1,189.9 1,057.5 1,088.1 2.9
HP#7 '98. 4~'98. 12 1,110.5 1,261.3 1,180.3 6.4

Table 4. Results of daily streamflow simulation for the validation period

; ; ; Streamflow (mm)
Watershed Slmul.a tion Rainfall Relative error(%)
period (mm) Observed Simulated
HP#1 99, 3~'99. 7 917.0 889.3 836.2 6.0
HP#7 99, 1~'99. 10 1,460.0 1,396.8 1,356.9 2.8
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Fig. 5. Observed and simulated streamflows on a small watershed, HP#7
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