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• Due to  c l i mate change and i nc reas i ng water  demand, t he 
eff i c i ent  use of agr i cu l t ural  water  i s  becomi ng i nc reas i ng l y  
i mpor tant ,  h i gh l i ght i ng t he growi ng need 
for  accurate hydro l og i cal  model i ng at  t he watershed scal e.
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Spat i al  s t ruc t ural  
charac t er i s t i cs such as  
mount ai nous  t er rai n ,  
d i s t r i but i on around s l opes , 
smal l  and fragment ed l and 
parcel s ,  and dense i r r i gat i on 
canal  net work s .

Paddy  f i el ds  have a un i que 
hydro l og i cal  s t ruc t ure 
charac t er i zed by  mai nt ai ned 
pondi ng condi t i ons , 
dependence on ar t i f i c i al  
i r r i gat i on, reduced sur face 
runoff ,  i nc reased i n f i l t r at i on, 
i n t ernal  wat er  s t orage 
capac i t y ,  and ad jus t ab l e 
drai nage condi t i ons , where 
ar t i f i c i al  wat er  management  
i s  repeat edl y  car r i ed out .

Paddy  f i el ds  account  for  more t han 50%
of t he t o tal  farml and area 

National Agricultural and Food Statistics Service, Korean Statistical Information Service (KOSIS)

I t i s d i f f i cu l t t o accurat el y s i mul at e ac t ual runoff charact er i s t i cs and the
hydro l og i cal cyc l e us i ng general hydro l og i cal model s .

Farmland Area (2024)

1,504,615 ha
Paddy Field Area (2024)

761,011 ha
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R² : 0.911
NSE : 0.899

Unabl e to ref l ec t  t he pondi ng 
condi t i ons  un i que t o  paddy  f i el ds

Cannot i ncorporat e t he t i m i ng and operat i onal  
ru l es  o f  i r r i gat i on and drai nage

Does  not represent  t he s t ruc tural  
features  of  bunds  and i r r i gat i on canal s  

i n  paddy  f i el ds

Convent i onal  Hydro l og i cal  Model s

SWAT (Soi l  and Water  Assessment  Tool )  i s  a semi -
d i s t r i buted,  l ong- term s i mul at i on- based watershed 
hydrol ogy  and water  qual i t y  model  devel oped by  t he 
Uni t ed States  Depar tment  of  Agr i cu l t ure – Agr i cu l t ural  
Research Serv i ce (USDA- ARS) .
I t  quant i t at i vel y  s i mul ates  runof f ,  eros i on,  nut r i ent  
t ranspor t ,  and agr i cu l t ural  non- poi nt  source pol l u t i on 
based on spat i al  i n format i on such as  c l i mate,  
t opography ,  so i l ,  and l and use wi t h i n a watershed.

Improved Hydro l og i cal  Model s

The Soi l  and Water  Assessment  Tool  for  Paddy  
Fi el ds  (SWAT- PADDY)  i s  an i mproved 
hydrol ogi cal  model  devel oped t o overcome the 
l i m i t at i ons  of  t he t radi t i onal  SWAT model .
I t  enabl es  more prec i se s i mul at i on of  t he 
hydrol ogi cal  cyc l e i n  watersheds  domi nated by  
i nundated paddy  f i el ds .

I t  i s  not  poss i b l e t o  cons i der  each 
i nd i v i dual  paddy  and upl and f i el d

The model  may  fai l t o  accuratel y  
represent  ac tual  water  movement  

wi t h i n  t he watershed

박윤식 외,  " Devel opment  o f SWAT SD- HRU Pre- processor  Modul e.. ." ,  ResearchGat e, 2013.

Park ,  Y.  S.  (2013)



B
ackg

ro
u
n
d
 an

d
 R

atio
n
ale

7

Not Cons idered

Cons idered

To overcome the 
l i m i t at i ons  o f  t he SWAT 
model ,  whi ch does  not  
adequatel y  ref l ec t  spat i al  
d i s t r i but i on, an i mproved 
approach i s  cons i dered.

Consideration 
of Spatial 

Distribution

The model  i ncorporates  t he 
ac tual  spat i al  d i s t r i but i on o f  
agr i cu l t ural  l and t o  conf i gure 
HRUs more real i s t i cal l y .

Runoff  vo l umes and f l ow durat i on 
curves  (FDCs)  wi l l  be anal yzed 
and compared.
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An area of 149.22 
square k i l omet ers

The Bogangcheon Wat ershed 
i s  l ocat ed ac ross  Goesan- gun, 
Jeungpyeong- gun, and Ji ncheon- gun 
i n  Chungcheongbuk - do, Sout h K orea.

Bogangcheon Watershed

In  t he Bogangcheon Wat ershed, 
paddy  f i el ds  account  for  24% of t he 
t o t al  l and use.

By  us i ng a paddy- spec i f i c  Hydro l og i c  Response Uni t  (HRU)  
s t ruc ture, t he hydro l og i cal  charac ter i s t i cs  o f paddy  f i el ds  can be 
represented wi t h  greater  accuracy .

A reg i on where i r regul ar  runoff  pat t erns  
caused by  i r r i gat i on and drai nage i n  
paddy  f i el ds  i n t erac t  wi t h  t he compl ex  
hydraul i c  s t ruc t ures  of  smal l  s t reams.
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PADDY

 Weathe r data (daily pre cipitation,
temperature , wind speed, solar
radiation, and re lative humidity)
were colle cted from Cheongju,
Eumseong, and Jeungpyeong
weathe r s tations .

DEM Soil Map Land Use Map

 A 30 m × 30 m Digital Ele vation Mode l (DEM) was
gene rated us ing digital topographic maps from the
National Geographic Information Ins titute

 Land use data (mid- leve l clas s ification) we re acquired
from the Environmental Spatial Information Service .

 A detailed soil map was obtained from the Rural
Deve lopment Adminis tration (RDA), National Ins titute of
Agricultural Sciences .

Weather Data

Si mul at i on Per i od: 2018–2022 
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PADDY

• The i n tegrat i on of t he MSDH preprocess i ng modul e i n to  SWAT-
PADDY enabl es  t he ass i gnment  o f measured s l ope and s l ope 
l ength t o  each HRU, t hereby  cons i der i ng spat i al  d i s t r i but i on.

 Digitized actual agricultural

fie ld boundarie s

 Ass igning unique IDs to each

agricultural fie ld

 Applying land use and soil

data to each fie ld

HRU definition based on actual fie ld 
boundarie s  and spatial location



R
esearch

 M
eth

o
d
o
lo

g
y

12

PADDY

Soi l  Map, 
Land Use Map

 Convent i onal SWAT- PADDY

defi nes i dent i cal l and use

and soi l combi nat i ons as one

HRU, regard l ess of l ocat i on.

• Spat i al  Di s t r i but i on 
Cons i dered
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PADDY: 0.217 km² / MSDH- PADDY: 0.240 km²
MSDH- PADDY shows a 0.023 km² increase in paddy area compared to the
default mode l. 

PADDY MSDH PADDY Area Compar i son
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FDC

When us i ng t he MSDH-
PADDY model ,  bot h  l ow and 
h i gh f l ow rat es  were 
s i gn i f i cant l y  es t i mat ed.
Si nce HRUs are def i ned at  
t he i nd i v i dual  paddy  f i el d  
l evel ,  runoff  cont r i but i ons  
are i ndependent l y  cal cu l at ed 
and ref l ec t ed based on 
un i que s l ope, l engt h ,  spat i al  
l ocat i on, and so i l  
charac t er i s t i cs , resu l t i ng i n  
a more d i f ferent i at ed FDC.

An FDC (Fl ow Durat i on 
Curve)  i s  a curve t hat  
represent s  t he f requency ,  
expressed as  a percent age, 
at  whi ch spec i f i c  f l ow rat es  
are observed or  s i mul at ed i n  
a g i ven r i ver  or  wat ershed.

During the cultivation pe riod, rainfall on paddy fie lds gene rate s direct runoff, leading
to an increase in high- flow values .
Under ponded conditions , continuous infiltration contribute s to base flow generation,
re sulting in increased low- flow values .
When MSDH is applied, the land cove r is update d, which leads to incre ases in both
high- flow and low- flow ranges .
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2019

2019, 5~8

 The annual  average s t reamfl ow i n  2019 i nc reased from 0.21 ㎥/ sec  

(PADDY)  t o  0.24 ㎥/ sec  (MSDH- PADDY) . 

 In  May–Augus t  2019, s t reamfl ow i nc reased from 0.21 ㎥/ sec  

(PADDY)  t o  0.29 ㎥/ sec  (MSDH- PADDY) .
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2021

2021, 5~8

 The 2021 annual  average s t reamfl ow i nc reased from 0.37 ㎥/ sec  

(PADDY)  t o  0.40 ㎥/ sec  (MSDH- PADDY) .

 In  May–Augus t  2021 (cu l t i vat i on per i od) ,  s t reamfl ow i nc reased 

from 0.49 ㎥/ sec  (PADDY)  t o  0.59 ㎥/ sec  (MSDH- PADDY) .
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Conc l us i on
 In  t h i s  s t udy , t he SWAT- PADDY and MSDH- SWAT- PADDY model s  were 

used t o s i mul ate ponded paddy  f i el ds  i n  t he Bogangcheon Watershed, 
whi ch i s  a paddy- domi nated agr i cu l t ural  bas i n.

 To eval uate t he ef fec t  o f  appl y i ng MSDH, s t reamfl ow output s  from the 
defaul t  PADDY model  and t he MSDH- appl i ed model  were compared.

 The compar i son reveal ed t hat  appl y i ng MSDH resul t ed i n  not i ceabl e 
d i f ferences  i n  s t reamfl ow wi t h i n ponded paddy  areas , i nd i cat i ng t hat  
spat i al  representat i on s i gni f i cant l y  i n f l uences  hydro l ogi cal  s i mul at i on.

 I t  i s  expec ted t hat  appl y i ng MSDH to SWAT- PADDY i n fu t ure s i mul at i ons  
of  paddy  watersheds  wi l l  i mprove t he accuracy  of  f l ow es t i mat i on, 
mak i ng t he model  more effec t i ve for  hydro l ogi cal

 Addi t i onal l y ,  t h i s  approach may  cont r i bute t o  i n t egrated water  
management  at  t he watershed l evel ,  i nc l udi ng coord i nat i on between 
water  sources  and downs t ream i r r i gat i on reservoi rs  i n  paddy  f i el d  
regi ons .
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 Due t o t he l ack  of  observed s t reamfl ow data i n  t he s t udy  area, model  
cal i brat i on coul d not  be per formed.

 I t  i s  al so expec ted t hat  t he update of  t he l and cover  map dur i ng t he 
cons t ruc t i on of  t he MSDH- PADDY model  may  have affec ted t he 
s t reamfl ow and t he FDC curve. In  fu t ure s t udi es , al l  i nput  dataset s  for  t he 
model  wi l l  be updated t o t he mos t  recent  vers i ons .

L i m i t at i ons
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