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Effects of DEM resolution and watershed subdivision on hydrological simulation
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Abstract; The Soil and Water Assessment Tool (SWAT) is a watershed-based, semi-distributed hydrologic model that has
become one of the most powerful tools for simulating hydrological processes at different spatial scales. The SWAT model
utilizes geographic information systems and digital elevation model ( DEM) to delineate watersheds and extract the stream
network. The simulation accuracy depends on how well the model inputs describe the watershed. High resolution DEM
generates more accurate topographic estimations, but such information is costly to obtain, especially in the hilly and gully
region of China's Loess Plateau. In addition, the size of the extracted subwatersheds strongly depends on the pre-selected
threshold value of the watershed subdivision. The size and number of subwatersheds can also affect the watershed modeling
process and subsequent results; however, there are no accepted guidelines for selecting the threshold value, making the

extraction of subwatersheds a subjective process. Therefore, the objective of this study was to investigate the effect of DEM
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resolution and watershed subdivision on the simulation of hydrological processes at the outlet of the Xingzihe watershed in
the hilly and gully region of the Loess Plateau. In our study, the digital filter method was used to separate base flow from
the measured streamflow data at the Zhao'an hydrological station from 1958 to 1974. The applicability of the SWAT model
in the Xingzihe watershed was assessed on an annual basis. The impacts of DEM resolution and watershed subdivision on
the simulation of annual streamflow, surface runoff, base flow, and sediment yield were evaluated by running the model
with ten DEMs (20, 30, 60, 90, 150, 300, 500, 1000, 1500 and 2000 m) and seven threshold values (10, 12, 15, 30,
50, 100 and 200 km®) for the watershed subdivision. The results showed that the SWAT model accurately simulated annual
streamflow , surface runoff, base flow, and sediment yield in the Xingzihe watershed. DEMs with fine resolution (i.e. , 20
to 150 m) were required to simultaneously simulate annual streamflow, surface runoff, base flow and sediment yield with a
high degree of accuracy (R*>0.93, NSE>0.51, RSR<0.43). For DEM resolutions greater than 150 m, the accuracy of
the simulation varied among the hydrologic elements. The threshold values of the watershed subdivision had little effect on
streamflow, surface runoff and base flow. However, the threshold values had a large effect on sediment yield. Watershed
subdivision threshold values of 12 to 100 km® were required to adequately predict sediment yield. Threshold values less than
12 km’ or greater than 100 km’ led to the underestimation of sediment yield. These findings indicated that choices regarding
the DEM resolution and threshold value of the watershed subdivision should be based on the hydrological element of
interest. The SWAT model was limited in its ability to simultaneously simulate all of the hydrologic elements in the Xingzihe
watershed at short time scales (i. e., daily and monthly ) ; therefore, this paper did not discuss the effects of DEM
resolution and watershed subdivision threshold values under different time scales. Additional research is needed to ascertain

if the results will change when running the model at different time scales.

Key Words: The Xingzihe watershed ; DEM resolution; watershed subdivision; hydrological simulation; SWAT model
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Table 1 Output of the base flow filter program
S o N 9 LA

Fraction of streamflow contributed by base flow KA K HEUE K AR o TR
that is estimated in different filter/ % Number of individual Base flow recession
at is estimated in different filter/ % ‘ Base flow days
base flow recessions alpha factor
JEIE 1 Filter 1 B 2 Filter 2 &% 3 Filter 3
51 40 34 3 0.013 177

B KB FRRCHE K 0 (0 D 3 S AL K T P /s 33 K 7 JE TR - KR 2l 0, 2 56 07 3 9
IR R B AE— IR R AR 0 T

2.1.2 SWAT BIRIAEFR 20l 1% 55k
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JZHE B (CANMX) | F il 78 K 1 3825 & Mz 2 8 (ESCO) L4 26 6 #Mz 2 B (EPCO ) |, 5 il e i iy +
SIS K R (SOL_K ) Fl 4438 v 1) F AT 2%k £ (SOL_AWC) , 5% M L 37 4 L 7% 01 19 2 80 (ALPHA_BF) (& 2
T 7K 28 & B TR FE (REVAPMN) F19R 2 T 7K BB BE (GWQMN ) | 552 i {38 4% B A 38 7K 07 % J2 %
(CH_K2) 5 X = DB b A sk 1) S 50CH Vb e ) 26 36 %4 (SPCON) |, B VD RE T 45 %X (SPEXP) , USLE J7
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Fig.2 Observed and simulated yearly hydrological characteristics for the Xingzihe watershed during the calibration period
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Table 2 Assessment of SWAT performance in the Xingzihe watershed

AR MR B P
i 1] Streamflow Surface runoff Base flow Sediment yield
Period
R? NSE RSR R? NSE RSR R? NSE RSR R? NSE RSR
HEW 0.86 0.80 0.28 0.83 0.80 0.29 0.78 0.55 0.34 0.74 0.65 0.32
IR HA 0.73 0.74 0.21 0.79 0.61 0.39 0.80 0.56 0.25 0.75 0.71 0.21
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Fig.3 Observed and simulated yearly hydrological characteristics for the Xingzihe watershed during the validation period
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SRR AR TR RE AR . AT SR DEM RS 43 H5 08 i ka1 T R 4 e 5 T LB i e
o T % B FR RIS/, 3X 5 Chaplot FURFST 45 R —82"

&3 7[F DEM #i& 5 # & TRy RIBHE
Table 3 Topography characteristics under different DEM resolution

DEM 43885 /m TR F Il 44 T AR 2 Elevation/ m Y BE Slope/ (°)
DEM resolution No. of subbasin Mean arca of . .

subbasin/km? Min Max Mean SD Min Max Mean SD
20 33 44.5 904 1760 1367 129.8 0.0 83.4 18.1 9.9
30 33 44.5 904 1760 1367 129.6 0.0 81.8 17.4 9.2
60 33 44.4 906 1760 1367 129.5 0.0 75.0 15.5 7.7
90 33 44.4 975 1760 1366 129.2 0.0 63.6 13.8 6.6
150 33 44.2 1040 1760 1366 128.7 0.0 42.0 11.0 5.1
300 33 43.9 1040 1754 1364 127.5 0.0 19.6 6.7 3.2
500 31 45.8 1040 1760 1365 128.2 0.1 13.0 4.1 2.1
1000 25 56.1 1040 1720 1349 125.1 0.1 6.3 2.2 1.1
1500 19 69.8 1046 1720 1360 123.4 0.1 3.8 1.6 0.8
2000 1 1264.0 1040 1720 1375 130.3 0.1 3.2 1.2 0.6

Min: #/ME s Max: e KAE s Mean; F-351E ; SD . brififhi 22
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P AR S, M HAE 20—1500 m Z [0, — ) R \NSE 1 RSR 3+ %I7E 0.93—1.00 0. 81—1. 00 F
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0.62—0.70,-1.22—-0.15 1 1.69—1.99 Z ], BLIULE R IYAREREHEZ . XTI T , DEM A% 7 HE % K
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Fig. 4 Effects of different DEM resolution on annual flow Fig.5 Effects of different DEM resolution on annual sediment
simulation in the Xingzihe watershed yield simulation in the Xingzihe watershed
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Table 4 Statistical evaluation of yearly hydrological simulation under different DEM resolution

DEM 438 AR R &S Rl
DEM Streamflow Surface runoff Base flow Sediment yield
resolution/m R? NSE RSR R? NSE RSR R? NSE RSR R? NSE RSR
20 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
30 1.00 0.99 0.01 1.00 0.99 0.02 1.00 0.99 0.04 1.00 0.99 0.01
60 0.99 0.99 0.04 0.99 0.99 0.04 0.99 0.94 0.14 0.99 0.99 0.03
90 0.99 0.99 0.08 0.99 0.98 0.07 0.98 0.89 0.23 0.99 0.99 0.05
150 0.99 0.95 0.16 0.99 0.96 0.16 0.93 0.51 0.43 0.99 0.98 0.08
300 0.98 0.87 0.23 0.99 0.94 0.21 0.91 0.08 0.74 0.98 0.94 0.17
500 0.97 0.91 0.17 0.98 0.81 0.15 0.89 0.10 0.51 0.98 0.86 0.21
1000 0.97 0.91 0.16 0.98 0.86 0.16 0.89 0.07 0.60 0.89 0.29 1.22
1500 0.93 0.86 0.24 0.95 0.91 0.19 0.90 0.05 0.66 0.98 0.17 1.19
2000 0.62  -1.22 1.99 0.70  -0.15 1.69 0.09 -3.03 310.15 0.12 -2.92  1319.34

2.3 PRI SWAT BEAL K SCEHULT) 5 i
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Table 5 Effects of watershed subdivision on subbasin features

TR AR B km? FUi 4 Subbasin JK 3L R LT HRU
Threshold of watershed subdivision 4 No. P HTETFH Mean area//km’ A No. FH I Mean area/km?
10 77 19.09 543 2.71
12 65 22.62 456 3.22
15 43 34.19 287 5.12
30 29 50.70 193 7.62
50 15 101.00 94 15.64
100 7 216.41 42 34.99
200 3 504.95 18 81.67

AN s 3 A3 6 P YA R S R LI 7, S BIEAE 12—100 km® Z [ ARfRA , HOXE 7= V-8 A5 ma 450
B ) S AFSE 1 P b BE AR TE 17851—19216 t/km® Z (1], H. R* NSE H1 RSR ¥ i /5% H 3 72 (AR DL SR
(F6), HE{EHN 10 km® B}, ZAEFHEFEK N 9721 v/km® , HEEHHEHR NSE F1 RSR B 45 AR GERHE
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bt LU AR ) gk TR BT S A L X S Y K YN T S s R K 2
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Fig. 6 Effects of different watershed subdivision on annual flow Fig. 7 Effects of different watershed subdivision on annual
simulation in the Xingzihe watershed sediment yield simulation in the Xingzihe watershed
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Table 6 Statistical evaluation of yearly hydrological simulation under different threshold of watershed subdivision
TSR R i HRAZ I Bt P
Threshold of watershed Streamflow Surface runoff Base flow Sediment yield
subdivision/km’ R? NSE ~ RSR R? NSE  RSR R NSE ~ RSR R NSE RSR
10 1.00 1.00 0.01 1.00 1.00 0.01 1.00 1.00 0.01 0.93 0.19 1.36
12 1.00 1.00 0.01 1.00 1.00 0.01 1.00 1.00 0.01 1.00 0.90 0.10
15 1.00 1.00 0.01 1.00 1.00 0.00 1.00 1.00 0.02 1.00 1.00 0.01
30 1.00 1.00 0.01 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.01
50 1.00 0.99 0.03 1.00 0.99 0.03 1.00 1.00 0.02 1.00 1.00 0.02
100 1.00 0.99 0.03 1.00 0.99 0.04 1.00 1.00 0.02 1.00 1.00 0.04
200 0.91 0.73 0.40 0.87 0.69 0.59 0.98 0.91 0.25 0.76 0.41 0.73
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