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Abstract

The Soil and Water Assessment Tool (SWAT) model, semi-distributed model, first divides the watershed into multiple
subwatersheds, and then extracts the basic computation element, called the Hydrologic Response Unit (HRU). In the process
of HRU generation, the spatial information of land use and soil maps within each subwatershed is lost. The SWAT model
estimates the HRU topographic data based on the average slope of each subwatershed, and then use this topographic datum for
all HRUs within the subwatershed. To improve the SWAT capabilities for various watershed scenarios, the Spatially
Distributed-HRU (SD-HRU) pre-processor module was developed in this study to simulate site-specific topographic data. The
SD-HRU was applied to the Hae-an watershed, where field slope lengths and slopes are measured for all agricultural fields.
The analysis revealed that the SD-HRU pre-processor module needs to be applied in SWAT sediment simulation for accurate
analysis of soil erosion and sediment behaviors. If the SD-HRU pre-processor module is not applied in SWAT runs, the other
SWAT factors may be over or under estimated, resulting in errors in physical and empirical computation modules although the
SWAT estimated flow and sediment values match the measured data reasonably well.
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Fig. 1. Location of the Hae-an watershed.
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Fig. 2. SWAT estimated slope and slope length at the Hae-an watershed.
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Fig. 3. Measured slope and slope length at the Hae-an watershed.
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Fig. 5. SD-HRU pre-processor module in SWAT. (a) SD-HRU slope and slope length map, (b) SD-HRU table, (c)
SD-HRU pre-processor module in avenue language.
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Fig. 6. Block-scheme of SD-HRU pre-processor module.
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Fig. 8. Concept of SD-HRU in SWAT. (Three HRU records for 3 spatially separated landuse and soil combinations)
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Fig. 9. Comparison of slope estimated by SWAT, Area-weighted module and SD-HRU pre-processor module.

AL HZWEUS|X] H25A 3B, 2009



SWAT HRU Ci9Jo] ZAIS/ZAE MEE 98l SWAT SD-HRU HMi2| Z2MM 28 Jid 357

8

Siope length (m)
g

.hhﬂ”hh ‘“u“] el

17 34567 8 910U UBHETBYNADRMNERTADINNNVUBBITEROAQOUE

wrightrd sope

. lesgth [m)

Fig. 10. Comparison of slope length by SWAT, Area-weighted module and SD-HRU pre-processor module.
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Fig. 11. Comparison of simulated streamflow by SWAT, Area-weighted module and SD-HRU pre-processor module.
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Fig. 12. Comparison of simulated surface runoff by SWAT, Area-weighted module and SD-HRU pre-processor module.
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Fig. 13. Comparison of simulated lateral flow by SWAT, Area-weighted module and SD-HRU pre-processor module.
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Fig. 14. Comparison of simulated groundwater by SWAT, Area-weighted module and SD-HRU pre-processor module.
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where Oy is the groundwater flow, or base flow, into the
main channel on day i (mm H.0), K.. is the hydraulic
conductivity of the aquifer (mm/day), L. is the distance
from the ridge or subbasin divide for the groundwater
system to the main channel (m), and A.s is the water
table height (m) (Hooghoudt, 1940).

Fig 15& SWAT, ®&7t% 2§, SD-HRU #Ae] L2 A
A 2Ed g EHRRE FURE 71AREY H%E 4
T8 A¥XJdE ¥2 Jed ook Yol 71¢d EHURE,
F9E 382 JARE HRAME & F AARC]
SD-HRU AAg =Z2AM 2&E HEdHe o TF/%
< AYY FTHE, 7N1AFEY W37 AF FRsce
AL ¢ F Utk SWATo| 93 =ojd dBHd EF #+&
AL 1588 mm, 3 F24L 298 mm, 71A FEAL
2531 mmolX, WA7IF wEo o3 mojd EWH 34
2 2077 mm, 3 F24L 2686 mm, 71A FIHS
296 mmo]s], SD-HRU AAz Z2AA =& 9o ze
® Ed §34L 2126 mm, F7 &4 1121 mm, 7]
AGa4d L 4393 mmoltt. &, SD-HRU Az Z2AMA
2ER PO APA EW 34, 3T 484, 1A #
242 SWATY] 93 ®old guct g8 {242 537
mm &7} ¢ |§24L 1859 mm 74, 714 §E54L
186.2 mm F7}stlal, HA7ME 2Eol 9& =E @R
o} ¥H $24L 49 mm %7} 156.5 mm 4, 1433
mm F7} sk EERRE FURE 2 VAREE
AolA AFEHARel HRU ZAbge Z7t2 Qs o)s 2
2 FE# A¥VES Wl YA & Aol A€k

34. SieHHFHe| SD-HRU MA2| Z2MAM 28 18
F50| @2 FAFE bl

Fig. 162 st 9] SWATO o&f 489 P A4
/A, BAHME EECl od AFE BARZFAME
SD-HRU #HAg] Z2Ax 25 o 2-3e FAS/EA
Foll @& fHAHEFS Jehd Zoltk. SWATe| jsf Hgg
AN/ BAEE AMESte] EojEl AYF FAFES 86,002
ton/year(13.98 ton/ha/year)o] i, @A 715 E&o| oaf 43
2 BAZAARE AHgSt RoE A¥TF SANER
170,666 ton/year(27.74 ton/ha/year)e]n, SD-HRU #H Az
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Fig. 15. Comparison of simulated runoff by (a) SWAT, (b)
Area-weighted module and (¢) SD-HRU pre-pro-
cessor module.

Z2AA 2 dd 4FE BAZAANEE AHEEY
os AHF FAFES 187,165 ton/year(30.42 ton/ha/year)
2 A2 2 o|d mQlth SWATY| & 4H3E AALRS
AAEE AHgslel RoE @e WHILE 28l g8 B
A9 BAZBAEE AH8ske] Rog g3} SD-HRU HH
g Z2AA 2Eo 9 HFY BA/BAEE AHESHA
2oy ol ws] 438 2 grol AAHUrh SD-HRU
AAe Z2MA i g8 HFY ZADBAEE A
g8o] 2o e SWATHA =E d¥F @R
101,163 ton/year(16.44 ton/ha/year)( T 20%) 2A AHF= U
3, BA7E BEo] od 2R dA¥F @dETE 16498
ton/year(2.68 ton/ha/year)( 1 10%) A 2HBE At SWAT
of o8l 448 AAFe] vls]l SD-HRU AA2 Z2AXA
2go o 438 4% FARE9 F7he MUSLE 71
SWAT §4F 71 22 79 g {3444 BAE
9 712 GAIEE 2A A do A (G)Williams,
1995)2 4 (4)(Williams, 1995 1M = & A%l BA
AL)o) AAYE LSysieol AR, 2o w2} FAE] w3
sto] ARk AE € F U

Lkiﬂ m o'
(ET) - (65.41 - sin*(ay,y,)

+4.56 + sinay,,,+0.065)

where LSusie is the topographic factor which is expected
ratio of soil loss per unit area from a field slope to that
from a 22.1 m length of uniform 9 percent slope under
otherwise identical conditions. Luy is the slope length (m),
m is the exponential term, and as is the angle of the
slope (Williams, 1995).

SED= 11.8 * (Quyry * Gpeaic * ATECY, )88 . Ky
. Cf!'.ﬂﬁ'. PU.EE' LSU.H.-E. CFRG

@)

where SED is the sediment yield on a given day (metric
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Fig. 16. Comparison of simulated sediment by SWAT, Area-weighted module and SD-HRU pre-processor module.
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tons), Qu is the surface runoff volume (mm H.O/ha),
Grear is the peak runoff rate (m’ls), areaw is the area of
the HRU (ha), Kusie is the USLE soil erodibility factor
(0.013 metric ton m’ hr/(m’-metric ton c¢m)), Cusie is the
USLE cover and management factor, PUSLE support
practice factor, LSis.e is the USLE topographic factor, and
CFRG is the coarse fragment factor (Williams, 1995).
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