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Comparative Analysis of SWAT Generated Streamflow and Stream Water
Quality Using Different Spatial Resolution Data
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Abstract

This study is to evaluate the impact of varying spatial resolutions on the uncertainty of Soil and
Water Assessment Tool (SWAT) predicted streamflow, non-point source (NPS) pollution loads
transport in a small agricultural watershed (1.21 km?) for three cases of model input; Case A is the
combination of 2 m DEM, QuickBird land use, Case B is the combination of 10 m DEM, 1/25,000 land
use, and Case C is the combination of 30 m DEM, Landsat land use, soil data is used 1/25,000 for
three cases respectively. The model was calibrated for 2 years (1999-2000) using daily streamflow and
monthly water quality records, and verified for another 2 years (2001-2002). The average Nash and
Sutcliffe model efficiency was 0.59 for streamflow and RMSE were 2.08, 4.30 and 0.70 tons/yr for
sediment, T-N and T-P respectively. The model was run for a small agricultural watershed with
three cases of spatial input data. The hydrological results showed that output uncertainty was biggest
by spatial resolution of land use. Streamflow increase the watershed average CN value of QucikBird
land use was 0.4 and 1.8 higher than those of 1/25,000 and Landsat land use caused increase of
streamflow. On the other hand, The NPS loadings from the model prediction showed that the
sediment, T-N and T-P of QuickBird land use (Case A) showed 23.7 %, 43.3 % and 484 % higher
value than 1/25,000 land use (Case B) and 50.6 %, 50.8 % and 56.9 % higher value than Landsat land
use (Case C) respectively.
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Table 1. Preparation of Spatial Data for Three
Cases

Case | Resolution | DEM | Land Use Soil

A Fine 2 m QuickBird
B State 10 m 1/25,000 1/25,000
C One 30 m Landsat
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Fig. 3. Three Kinds of GIS Input Data for (a) 2 m Digital Elevation Model, (b) 1/25,000 Hydrologic Soil
Group, (c) QuickBird Land use for NPS application
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BALLE EB1159% 20084 11H

1085



Table 2. Summary of Statistics for Daily Discharge for the Calibration (C) and Validation (V) Period

g Total Runoff (mm) Runoff Ratio (%) .
Year Rainfall 0 Vo RMSE ME Note
(mm) Obs. Sim. Obs. Sim. (mm/day)

1999 1296.8 781.4 638.0 60.3 49.2 0.73 2.24 0.72 C
2000 1108.0 617.4 559.9 55.7 50.5 0.59 2.59 0.36 C
2001 1118.1 677.4 543.2 60.6 48.6 0.73 3.35 0.63 Vv
2002 1463.5 930.6 801.4 63.6 54.8 0.71 7.10 0.63 Vv
Mean 1246.6 751.7 635.6 60.1 50.8 0.69 3.82 0.59

25000 ¢ ——1Sediment Obs. Sediment Sim. 1 80
g s0000 | — TNObs. - T-N Sim. )
o —o— T-P Obs. —+— TP Sim. 1% 8
K 15000 | =
i 140 2
; 10000 | 5
1 []
+ {20 @

5000 |

‘blﬂm—-" 0

0

May-00

Jan-99 May99  Sep-99 Jan-00 Sep00

Jan01

May-01 Sep01 Jan-02 May-02 Sep02

Date (Month)

Fig. 5. Comparison between Simulated and Observed Monthly Sediment, T-N, and T-P
Values During Calibration and Validation Period (1999-2002)

Table 3. Summary of Statistics for Monthly NPS Loads for the Calibration (C) and Validation (V) Period

(Unit : tons/yr)
Sediment T-N T-P R RMSE
Year - - - Note
Obs. Sim. Obs. | Sim. | Obs. | Sim. | Sed | T-N | T-P | Sed | T-N | T-P
1999 1456 | 153.9 65.8 69.2 2.79 7.34 097 | 055 | 093 | 3.30 | 457 | 0.63 C
2000 1445 | 130.8 448 63.8 2.90 7.01 095 | 072 | 070 | 498 | 3.85 | 061 C
2001 90.7 755 36.2 60.9 2.66 6.65 064 | 072 | 063 | 0.03 | 5.16 | 0.69 \%
2002 1346 | 136.3 67.3 78.8 2.22 8.15 095 | 0.89 | 044 | 0.01 | 3.60 | 0.83 A\
Mean 1289 | 1241 535 68.2 2.64 7.29 088 | 072 | 068 | 2.08 | 430 | 0.70
32. BURRIRS HAEY BT B4 Table 4= DEN shset fomas) o S
S A3 ZAlo® DEM diid&kol 23k 1=(Altitude)
321 #X83129 (Digital Elevation Model, Wl 2 zfolZ Holx] &ty A AA

DEM)

A G027 71
A A F et} 319
DEM=2 AR R o] fFolx] glow,
7F= DEMeIA vjxd = gitk
Ak kR, frefe 3H4
A8 BAke7] Sl AHEE 4 Uth(Bedient et al,
2008). O]Eiﬂ o= <13 DEM ald=s

FolA FrddAFE= s 87,

1 ‘:P(Cotter et al., 2003).
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Table 4. DEM Resolution Effects on Watershed Area and Topography

Characteristics DEM Resolution
2 m 10 m 30 m
Min 150.0 150.0 150.0
Altitude Max 390.0 387.5 369.8
(m) Mean 241.9 243.3 243.1
SD 49.7 48.8 48.8
Min 0.0 0.0 0.0
Slope Max 332.9 198.0 83.5
(%) Mean 52.4 50.8 43.8
SD 30.8 25.5 18.0
Longest Channel Length (km) 2.131 2.006 1.890
Average Slope of Channels (m/m) 0.113 0.120 0.127
Watershed Area (km?) 1.209 1.184 1171

SD : Standard Deviation

=9] QuickBird, 10
a4 =] 1/25000, 30 m 31 =2] Landsat EX|©]
L5 AREatl o™, Table 59 #Fo] s = EXo]
Lo EXo] &g g wWAS vwsigirh oleld B
2ol 4 AHi= SWAT Z3d| JHAF7F ¥ CNgE
S AAE7] el SCS-CN ol 93t f&% At
of AHAR JeFS wXA Hrk wEpa] 2 Aol A
v A=Y EXolg&xe] CNghs HlulwA szt
1/25000 EYEe] st EdRr ARE o] 83ty
AYEFS2A(Antecedent  Moisture  Content,
AMO)ol| 2 CN#He W7o 2 AH3hal Fig. 6

FU

47
-
I s7
[ | 68
s
.

0

9t} Table 6& AMC *
w3 Ao 2 QucikBird

EXo]l&E AMC-TT Z794 1/25000, Landsat &
Alo]-g=of vla] CNgte] 04, 0.7 &7kl Aoz &
25T} o] AL 1/250007) Landsat EX| o]l M=

A

[e23
okl

FAAS} 52 5o EAol§F 5ol

as =Sl ez Al QuickBird B4

(e}

Bl EFFF26 %) o= Fgel wek CNgt

o] b Aoz WAtk
33 B YIRS SHAE Watol o2 F2-
+3 B
3.31 FERY A
=ge) PuAS AT F, 121 kel &
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Fig. 6. SCS-CN Distribution from 1/25,000 Soil and (a) QuickBird Land Use, (b) 1/25,000 Land Use,

(c) Landsat Land Use
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Table 5. Classification Items and Area (km?) for 3 Cases of Land Use

Class QuickBird 1/25,000% Landsat
Items Area Items Area Items Area
Paddy 0.049| Paddy 0.095| Paddy 0.025
Specialized crop 0.009
Red pepper 0.001
Sesame 0.001
Agriculture Comn 0.002 Upland crop 0.031| Upland crop 0.081
Bean 0.002
Pumpkin 0.001
Potato 0.001
Sweet Potato 0.001
Total Area (%) 0.067 (5.6)| Total Area (%) 0.126 (10.6)| Total Area (%) 0.106 (9.1)
Grassland 0.034
Grass Graveyard 0.002 i ) Grassland 0.033
Total Area (%) 0.036 (3.0)| Total Area (%) (0.0)| Total Area (%) 0.033 (2.8)
Coniferous forest 0.212] coniferous forest 0.520
Foreat proad leaved 0839 1 leved ) T 1029
Mixed forest 0.004| forest '
Total Area (%) 1.055 (87.2)| Total Area (%) 1.058 (89.4)| Total Area (%) 1.029 (87.9)
Bare field 0.013
Residential 0.019
Road 0.002
Urban | Farm road 0.009 i i .
Factory 0.001
Apiary 0.001
Total Area (%) 0.045 (3.7)| Total Area (%) (0.0)| Total Area (%) 0.0)
Water Stream 0.006 (0.5) - (0.0)| Stream 0.003 (0.2)
Total Area 1.209 1.184 1.171
* 1 1/25,000 land use data produced from IRS-1C and Landsat TM satellite image
Table 6. Summary of Watershed Characteristics and Average CN for Three AMC Conditions
Data Resolution Sozlyé;;l;gl(c%) Land Use (%) CN Value e E;ZICH
Land Use Soil A B Pervious | Impervious | AMCI | AMCI | AMCII | > 60 | < 60
QuickBird 925 75 97.4 2.6 316 51.4 71.3 17.0 | 83.0
1/25,000 1/25,000 924 76 100.0 0.0 31.2 51.0 709 177 | 8.3
Landsat 924 76 100.0 0.0 309 50.7 70.6 1655 | 835
Agate] FF JEARY e WSl mE T ojty, ®oJA¥ Case AC Wit &% 288 mm=E
A BoE AAEGT o714, EdE= 32380 A Case B9} C9] 284 mm, 27.8 mm Xt Z+Z} 1.33 %,
Hal5o] 1/50,000 MFESES A3k 1/25000 A 339 % S7tele Aew BEAEen HRUYE A EH
ESL v ARgsielon, o] A ARE-E uj7 E%4S gedz A Ed Case A7} 186 mm, B7}
Wl RAZFS a2 AR5t 2olslgith mdk B2 184 mm, C7} 169 mm= #A =it} &sk DEM s
geo) Q12 v Esel ONGES 32240] A0S Boj %ol ol@ feude] Wshes g (D] o8] AF-5%
Sl Zo] ¥slE 7oA "tk ol Kim et al(2007)°]

I

Table 72 AMC-0 Z71o49] Case® Ro|A¥N=

T E7ANAY FEE FEEC Wl A
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Y

1088

>

HEC-HMS R23< o]&3to] 7zt 7-$Apded E EX

o]-g = FHEFH HFrrEde Bl 2yt

O

BEKEREERHNE




Table 7. Summary of Runoff Simulated Resulis for 3 Cases of Map Scale under AMCII

Case A Case B Case C
Rainfall ; - -
Year (mm) Total Runoff | Runoff Ratio | Total Runoff | Runoff Ratio | Total Runoff | Runoff Ratio
(mm) (%) (mm) (%) (mm) (%)
1999 1296.8 30.3 28.0 29.8 275 29.3 27.2
2000 1108.0 24.7 26.7 24.4 26.4 23.8 25.8
2001 1118.1 25.7 27.6 25.6 275 24.8 26.6
2002 1463.5 34.4 28.2 33.8 217 333 27.3
28.4 27.3 27.8 26.7
Mean | 12466 288 216 (1.33) (1.70) (3.39) (3.15)
() : Percent of decrease based on Case A
b, mehgEe] FeAnel % CNgtel 332 4= A

ar

[e)

oI fFEF A o 2 IF
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r ﬂ:}&)

2
<.
2
Do
5
rlo

o] A==7](20, 30, 50, 100, 200

SWAT Ego| A MUSLEAel <3k fAbaF 2 gk
EAS] 0 FItEFS A 9Al, Table 83 20|
Case® DEMI} EA|o]&L9] L ®igl mE
USLE Z} <1z} gke] ¥3ls A ugltl of7]A, USLE
AR} T #AAL P= A2 EH e BT 1]
24 Az mE T A Tl diidAeEl, =l
gt A A2 e BRI gdR o] A2k
BE Feobslr| 7 €44 &3 SWATS 25 HRU®|

m
%=(1/25,000, 1/250,000, 1/500,000)H

g 2o seleh 1 Ak, T
F7hel ek §5% NOSN, #Ab

Aoz $AES
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o)
& BAH=S arefshA] 7] wiitel el Aol 3l

Y NOAN, & PRte aelehd gtk B aeAs auagsed
GARe FEL PN AN EFEE Kk Abgeiglon,
%W bk MRl AAE EX0l8E ik Agsanh

HRU® USLESIZL K, C, LS, CFRG®] 919k B4

Table 8. Summary of Mean USLE Factors at the HRU Level for 3 Cases of Map Scale

S Resolution
Case A Case B Case C
DEM 2 m 10 m 30 m
Spatial Data | Land Use QuickBird 1/25,000 Landsat
Soil 1/25,000 1/25,000 1/25,000
Watershed Area (km®) 1.209 1.184 1.171
Watershed Subwatershed 1 1 1
Number of HRUs 48 19 19
Mean K Factor (0.0110'3640.2%) (0.0110'%650.2%) (0.0110'%650.2%)
USLE Mean € Factor (0,0020'(1200.500> <0.oo20'(1200.150> <0.00408210.150>
Factors Mean LS Factor 0.026 0.025 0.022
Mean CFRG Factor (0.9850'(\3860.994) (0.9850'(\3860.994) <0.9850'9~860.994>
Mean KxCxLSxCFRG 0.135x10° 0.131x10° 0.121x10°

() : Range of Variation for HRU
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Table 9. Summary of NPS Loads Simulation Results for 3 Cases of Map Scale under AMCII

(Unit = Sediment = tons/ha, T-N and T-P = kg/ha)
Case A Case B Case C
Year
Sediment T-N T-P Sediment T-N T-P Sediment T-N T-P
1999 1.78 58.62 9.77 1.47 31.27 472 0.92 27.47 401
2000 1.31 56.19 9.33 0.99 32.30 4.89 0.61 27.65 4.04
2001 1.31 58.96 9.71 0.97 33.58 4.99 0.60 29.14 418
2002 1.97 64.35 10.66 1.43 37.94 5.79 1.01 32.89 4.80
1.21 33.77 5.10 0.79 29.29 4.26
Mean 159 0953 98T (2371) | (4327) | 4835) | (5062) | (50.80) | (56.87)

() : Percent of decrease based on Case A

2} Case™d Cate] W9l= 23t 3
A, B7} 0.020, C7F 0.021 2 & =}o]7} gl Aoz B4
= Qek whA, DEMell ok 4t LSgke] Afol= Case
A7} 0.026, B7F 0.025, C7F 0.0222 318/ =2] DEM..

= 7hAA Hirgko]l F7kekE Aow BAEYh Eq
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Fig. 7. Comparison of NPS Loads for 3 Cases of Map Scale
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