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Sensitivity Analysis and Parameter Evaluation of a Distributed Model for Rainfall-
Runoff-Soil Erosion-Sediment Transport Modeling in the Naesung Stream Watershed

3w X e
Jeong, Won Jun / Ji, Un

Abstract

The distributed watershed model of rainfall-runoff-soil erosion-sedimen transport was constructed for the Naesung
Stream Watershed with high potentiality and risk of sediments produced by soil erosion. The sensitivity analyses of
roughness coefficient and hydraulic conductivity which affected the modeling results of runoff and sediment concen-—
tration were performed in this study. As a result, the change of the roughness coefficient for the forest area from
0.4 to 0.45 did not affect the change in runoff and stream discharge and the average value and range of sediment
concentration were also insignificantly increased with few difference. As a result of the sensitivity analysis of the
hydraulic conductivity, the total amount of runoff and maximum runoff were gradually increased as the hydraulic
conductivity was reduced. In the case of sediment concentration modeling, the average and the range of sediment
concentration for all stations were increased as the hydraulic conductivity was decreased. For the Hyangseok Station,
in case of the hydraulic conductivity reduced by 50%, the simulation result of sediment concentration was most
similar to the estimated value by the sediment rating curve.

keywords : hydraulic conductivity, roughness coefficient, sediment transport, sensitivity analysis, soil erosion,
watershed model
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Fig. 2. Flow Discharge at the Hyangseok Station for Different Manning’s n of Forest Area (2011)

Table 1. Flow Results for Different Manning’s n of the Forest Area (2011)

Classification Manning’s n value=0.40 (Forest)
Hyangseok Miho ‘Wolho Yecheon
Total Flow Measured 3.15E+08 2.17E+08 4.718E+07 2.89E+07
Volume Simulated 2.33E+08 1.76E+08 6.07E+07 3.21E+07
(m?) RPD' (%) -26.2 -189 27 11.1
Measured 2,301 2,155 542 227
Pefr};gilfw Simulated 1,970 1,448 655 412
RPD (%) -14.4 -32.8 20.8 81.5
Time to Peak Measured 54 ol 48 51
Flow Simulated 54 55.3 51.8 49.8
(hours) RPD (%) 0 8.33 7.9 -24
Classification Manning’s n value=0.45 (Forest)
Hyangseok Miho Wolho Yecheon
Total Flow Measured 3.15E+08 2.17E+08 4. 78E+07 2.89E+07
Volume Simulated 2.33E+08 1.76E+08 6.07E+07 3.21E+07
(m?) RPD (%) -26.2 -189 27 11.1
Measured 2,301 2,155 542 227
Peffngz;’w Simulated 1957 1439 655 412
RPD (%) -15 -33 20.8 81.5
Time to Peak Measured 54 ol 48 51
Flow Simulated 54 55.3 51.8 49.8
(hours) RPD (%) 0 8.33 7.9 -2.4

"RPD=Relative Percent Difference. RPD values were calculated as (Simulated -Measured)+Measured
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Fig. 3. Sediment Concentration Simulated and Estimated at the Hyangseok Station for

Different Manning’s n of Forest Area (2011)

Table 2. Sediment Concentration Results for Different Manning’s n of the Forest Area (2011)

. " Estimated (g/m’) Simulated (g/m")
Stations Condition
Average Range Average Range
Manning’s n
_ 79 4 - 512
Hyangseok (Forest n_Va,lue—O.4) 913 49 - 472
Manning's n 31 4 - 595
(Forest n value=0.45)
Manning’s n
_ 79 0.6 - 474
Songriwon (Forest n_value=04) 2971 55 - 26,624
Manning's n 31 06 - 492
(Forest n value=0.45) ’
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S Vx| = wHeE X R Aol 23k JF FA 2ol sl Fig. 49 2ol YelW o Table 32 &
< HHIHKim et al., 2008). kA AW 2=AF Wt Al 28-S e AR 8 AR s, 93, o
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Fig. 4. Flow Discharge at the Hyangseok Station for Different Hydraulic Conductivities (2011)
Table 3. Flow Results for Different Hydraulic Conductivities (2011)
. L. Hydraulic conductivity Hydraulic conductivity
Classification [ydiliie condueihyiy 50% decreased 80% decreased
Hyang Miho Wolh- | Yech- | Hyang Miho Wolh- | Yech- | Hyang Miho Wolh- | Yech-
—-seok 0 eon | —seok 0 eon | —seok 0 eon
Meas—u| 3.15E+ | 2.17E+ | 4.78E+ | 2.89E+ | 3.15E+ | 2.17E+ | 4.78E+ | 2.89E+ | 3.15E+ | 2.17E+ | 4.78E+ | 2.89E+
Total red 08 08 07 07 08 08 07 07 08 08 07 07
Flow [Simul-[2.33E+ | 1.76E+ | 6.07E+ | 3.21E+ | 2.72E+ | 2.04E+ | 7.24E+ | 3.93E+ | 3.03E+ | 2.28E+ | 8.17E+ | 4.51E+
V?luar)ne ated | 08 08 07 07 08 08 07 07 08 08 07 07
m RPD (%)| -26.2 | -18.9 27 11.1 | -138 -6 51 36 -3.8 5.1 70.9 56.1
Meas~ 2,301 | 2,155 | 542 227 | 2,301 | 2,155 | 542 227 | 2,301 | 2,155 | 542 227
Peak ured
Flow |SIMU™| 4 g70 | 1448 | 655 | 412 | 2161 | 1574 | 717 | 452 | 2293 | 1631 | 753 | 483
(m’/s) | _ated
RPD (%)| -14.4 | -32.8 | 20.8 815 -6.1 =27 32 99 -04 | -243 | 389 | 1128
Meas-
Time to| ured 54 51 48 51 54 51 48 51 54 51 48 51
Peak  [Sjmul-
Flow ated 54 55.3 51.8 49.8 53.8 54 51.8 495 53.3 52 51.8 42.5
h
(hrs) RPD(%) 0 8.33 79 -2.4 -04 59 79 -3 -14 1.9 79 -16.7
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Fig. 5. Sediment Concentration Simulated and Estimated at the Hyangseok Station for Different Hydraulic
Conductivities (2011)

Table 4. Sediment Concentration Results for Different Hydraulic Conductivities (2011)

) o Estimated (g/m”?) Simulated (g/m®)
Stations Condition

Average Range Average Range

Kh 79 4 - 512

Hyangseok 50% decreased K 213 49 - 472 132 4 - 614
80% decreased K 143 4 - 756

K 79 0.6 - 474

Songriwon 50% decreased Kj 2971 55 - 26,624 129 0.7 - 603
80% decreased K 148 0.8 - 711
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 olelg AL EdiE 20119 S9ARdel the 27
Jietal. (2014) 7ol 20084 2 20099 E9APe] o] B4 ghe 20089 2 20000 S9APel A A8
N A8 TREX 28e] Fo iAipEeAs 2 5 FR50) 50%% 478 gh(Table 6)& 483k Zle]
FARIE FLeA AFEalo] WK TR e 5
Amelg ANsgon HEHE 5% B H4} FE A3
59

ko] 9 x7h 2 YRt 2011

L
!
4. SRAR FRO| M2 2 O7RES BIF 2 w38 AR g ey QAshs slow e
o}
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Table 5. Assessment of Manning n Value by Rainfall

‘:' Event Scale
7 HSg 2k ghelslr] $18)] MR BAS AAE T — 7
anning n value

Ai}= oA J o] o K=} =
LA 38l AlAeke. Uq_“ el A= 2008 Classification 2008 event, 2009 event,
W, 2009, 2011 APl mE HA o wiHESFE 2011 event
HE AAsta Hrlekder 1 Ul8-& sokekith Barren 0.20

A QA AEE vlef gho] 2l WA wWE Water 0.05
9 2 A 5 2odde FeAlgre) Bl s w Developed 0.01
29o] Ao n|x= 1 AT} Ao Aoz vpEhit) Wetland 0.10
whEha] B el A Agsk 2008 2 20009 BSAM, Grassland 0.30
011 F9AE] 99} FEF TR el N Y@ Forest 040
%A% GH(Table 5)& 48319 A8a|% weol A Paddy 050
= 2 Ao} 912 Ao ekt e B W Crop 030

Table 6. Calibrated Hydraulic Conductivities for Different Rainfall Events

Classification Hydraulic Conductivity (m/s)
2008 and 2009 events 2011 event (50% decreased Kh)

Rocky 8.35E-07 4.18E-07
Loamy Fine Sand 1.66E-07 8.30E-08
Rocky Loam 4.18E-07 2.09E-07
Rocky Silty Loam 6.05E-08 3.03E-08
Sandy Loam 3.33E-09 1.67E-09
Silt Loam 1.89E-08 9.45E-09
Silty Clay Loam 5.55E-09 2.78E-09
Paddy Field 4.68E-09 2.34E-09
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v T T
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e R Fo AHE O ® Tables 7and 8 A 16%= YERF AT fFo] el Al7tel] djs) ]
of oRlgich E¢AvdE TREX Wwae) 44 melas  wd 483 weldi} med o= vehdrl. v
£ okl B WA HF FET AHQ A AF A9 oz AHe] A9 A7 fFEol WA= Akl dial v
ol fE Ay A5 fFETE A A F & A Gee RAT(-3%A 1.3%)7F EEFH AL}
e ko] Al % #ol(RPD, Relative Percent T e 3 AT FEFS A5 3ol vl vlg- A A
Difference) 7} ~13.8%°lA4 143%%oH, HF FEE2 AHEAT HAF =) AT TE s AR Al
61914 11.8%, 7+ fraed WA AR -04%°14 A A dE HE FEAITE Aqete] A8st
18/%= Yeh F f5% Bl d5F 5399 157 7 = o] glovt i X3 o] eAtE ¢hstslr] flsiA =
Zo] WA= AlRtoll sl v Qg wejdar) = T wel 24 ool el A A s
=4 Zo R ddd vE AHe] Afele F fEde o] AF aE nEsoFd dart e A= YER
RPD7} 6%l 4] 22.2%, A7 &2 -27%0114] 14.8%, th 2 ATl A e Al drbdae] Aeek Al 2 A
AT FEY WA A0S 2000004 B1%E et AT Fel B@ ARk £HSA b dl g del o
FEFEUE & 2730 AT frEo] B s ARt & AR BaE Bofol] arefehA] eskont o A3 e
Table 7. Runoff Discharge Results For Rainfall Events
Total Flow Volume Peak Flow Time to Peak Flow
; (m?) (m’/s) (hours)
Event | Stations ‘ EED . oED . EED
Measured |Simulated ) Measured | Simulated ) Measured | Simulated (%)
Hyangseok | 8.21E+07 | 9.09E+07 | 10.7 1,619 1,615 -0.3 42.0 42.8 1.8
231%12376 Miho 8.45E+07 | 8.36E+07 | -1.1 1,569 1,457 -7.1 34.0 41.9 23.1
2008’ Wolho | 3.27E+07 | 3.11E+07 | -4.9 638 617 -3.3 30.0 34.8 16.0
Yecheon |4.69E+06 | 9.29E+06 | 98.1 92 270 193.9 36.0 36.5 1.3
Hyangseok | 3.56E+07 | 407E+07 | 14.3 520 582 11.8 54.0 53.4 -1.1
SJEI% Miho 2.93E+07 | 3.58E+07 | 22.2 452 519 14.8 50.0 51.5 2.9
2009’ Wolho | 9.23E+06 | 1.38E+07 | 495 196 250 27.6 45.0 46.1 2.3
Yecheon |4.35E+06 | 7.25E+06 | 66.7 90 188 107.5 44.0 43.7 -0.8
Hyangseok | 3.15E+08 | 2.72E+08 | -13.8 2,301 2,161 -6.1 54.0 53.8 -0.4
2{3{‘; Miho | 217E+08 | 2.04E+08 | 6.0 2,155 1574 | 270 51.0 54.0 5.9
2011’ Wolho | 4.78E+07 | 7.24E+07 | 51.0 542 717 32.0 48.0 51.8 7.9
Yecheon | 2.89E+07 | 3.93E+07 | 36.0 227 452 99.0 51.0 49.5 -3.0
Table 8. Sediment concentration results for rainfall events
) Estimated (g/m®) Simulated (g/m®)
Event Stations
Average Range Average Range
July Hyangseok 187 106 - 423 48 3 - 901
24-26, 2008 Songriwon 797 290 - 21,700 40 0.7 - 1,940
July Hyangseok 159 105 - 275 31 4 - 308
8-10, 2009 Songriwon 11 0.05 - 1,720 17 0.5 - 250
June Hyangseok 213 49 - 472 132 4 - 614
23-28, 2011 Songriwon 2971 55 - 26624 129 0.7 - 603
FATE H129% 20144 121 1131
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