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SUMMARY

The problem of water, soil erosion has become gortant issue in the North of Vietnam.
Modeling its processes might help better understanand quantifying the development of
erosion. Based on data availability, climate cdodiand scale (medium watershed and
event-based rain) we decided to use the KINEROS&eirfor this research. The changing in
land use practices has significant impact on redoaf saturated hydraulic conductivity

(Ks), thus, increases the Horton overland flow (Hi@#d eventually exaggerates soil erosion.
On the model simulation stage, we found that thendary conditions and the parameter
sensitive tests were crucial for estimation of maueputs, these converged to measured data.
Interestingly, the use of finer temporal resolut{rminutes) of radar rainfall (accumulative
144 mm) produced much lower sediment yield (Se¥@saomparing to satellite precipitation
(30 minutes, accumulative 138 mm). Although eastetvariable had different effects on
model outputs, the Ks presented a most sensitiraer to SeY in both channels and on
planes, following by soil saturation index (S) dniislope roughness (R). The
geomorphological resolutions based on critical searea (CSA) defining modeling
resolutions were founded remarkable for estimagmhloss and must be determined with
care. Finally, changing in land uses resulted ihesosion was mapped with significant rises
in SeY for whole Man Kim and in some areas in Nahatwatershed.
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1. INTRODUCTION

Land degradation, including soil erosion has beconeof the most serious problems (da
Silva et al., 2012; Kefi et al., 2011; Pham ThaiMA2003) and effected sustainable
development (Kefi et al., 2012), particularly invéoping countries with low cultivated land
per capita as in Vietnam. Information about the adtsoil erosion could help better
understanding the development of the land (Parebak, 2004) and is useful for determining
the sustainability of agricultural practices (Coopteal., 2012). Effective soil erosion
modeling can provide important data on soil erogatierns and trends (Millington, 1986).

In northern Vietnam, the problem of land degradatias reportedly become worst due to
reduction of canopy mostly the decline of foredsew! (shifting agriculture and timber
removal by ethnic groups) (Tuan, 1993) and foneggrhentation (Ziegler et al., 2006). This
has reduced the saturated hydraulic conductivig) @€ the lands (forest land has highest Ks
among the others), and thus, increased the Hortaviarland flow (HOF, occurred when the
rainfall rate exceeds infiltration capacity andfaoe storage; (Horton, 1933)). Two
watersheds named Nam Kim and Nam Khat; both lodatdte Mu Cang Chai district of Yen
Bai province, Viethnam were chosen for the caseysbaged on the high rates of soil erosion
(about 5-10 ton hy™) derived from study results of Quang and Kapp&4%® using SWAT
model.

There are various existing methods approachingdg@tosion issue (Guzman et al., 2013),
including direct and indirect approaches. Modelsgne of the options which might have
some advantages in terms of time consuming, castrand analyses. The KINEROS2 model
accounts separately for soil erosion caused byd@p energy and by flowing water
(Woolhiser et al., 1990). On the other hand, (SWAINhold, 1994) model accounts only
runoff causing erosion, WEPP model divides erogimtess into rill and interill erosion
(Nearing et al., 1989)). In KINEROSZ2, some key paaters are taken into account as Ks,
Manning n, splash, cover, soil profiles (fractidrsand, silk and clay) etc. Although each
variable has different extend of sensitivity to rabsloutputs, all these parameters must be
well-prepared in order to gain best model estinmsti®dditionally, observed data is crucial
and prerequisite for validating the model. We agplihe KINEROS?2 for modeling sediment
yield on hill slopes and sediment transport in cteds of two medium size watersheds with
model validation, sensitivity tests and trend asislpf different LULCs. While this
KINEROS2 was developed for small semi-arid watedsh®urns et al., 2008), it was
employed for tropics which are similar to our stsitg as a study of Ziegler et al., (2007).
Furthermore, based on our study aim of spatialtanmgboral scale of modeling, we decided to
use the model.

In this study, we investigate the ability of KINEB®to model medium size (74-268 ¥m
catchment areas with acceptable results. Hereirfljvealibrate channel discharge at the
outlets and compare with gauged data with diffeusets of rainfall data sources; (2)
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parameter sensitive test for some variables; (8)yars the effect of LULC inputs on
sediment yield in watershed’s elements and stre@dhesresults indicated that the model was
validated by producing the discharge closely tllfreeasured data for both uses of satellite
and radar rainfalls. What is more, we found thattésts for parameter sensitivities were
crucial for understanding the model behaviors anaghat aspects each variable had an
influence on hydraulic responses in the watershBdstefore, we recommend the use of
KINEROS?2 for the similar study objectives.

2. STUDY SITE
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Figure 1: Site study - Nam Kim and Nam Khat watershed of Yen Bai province, Vietham.

The study watersheds are located in Yen Bai previNeetnam (Fig. 1) and are a part of
typical tropics in North-Western Vietham. The areathe watershed are 268 km2 and 74
km2 for Nam Kim and Nam Khat watershed, respecfivEhe central coordinates of the
province are 104°30'9.0" E and 21°35'26.7" N amdntiean elevation is about 900 meters
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above the Bien Dong Sea level. The annual pretipitan the region varies from 1365 to
1570 mm. About 85 percent of the total rainfallesorded in the summer time. The mean
daily solar radiation is estimated very high a1@J mi? d*) and the mean wind speed is
1.23 (m &). We chose these watersheds for the case studyseof a representation of
rapid eroded processes in there and their repasentmorphological characteristics of the
whole region.

3. MATRERIALSAND METHOD

3.1. Sail Erosion Equationsused in KINEROS2 model

KINEROS2 (Smith et al., 1995) is a modified modethe original model of KINEROS
(Woolhiser et al., 1990) and is an event-based hratlger than a continuous simulation
model (Smith et al., 1999). It is a model of Horeonhydrology and simulates saturation
overland flow when the top soil layer lying aboveeatrictive layer becomes saturated. While
the SWAT model calculates sediment yield basederamount of runoff and employs the
equation of (Williams, 1995), KINROS2 estimatesisezht transport based on both rain-drop
energy and surface runoff. Soil erosion and sedirmansport rate are determined by the
solution to the sediment balance as the followalgtron (Smith et al., 1999);
a(AC a(Qc 1
(at ) + (ng) —we(x,t,Cy) = q.(x,t) @)
Where A is local cross sectional area of flow?JirQ is local discharge rate¥s?, t is time
(s), x is distance along the flow path (nm),indicates local flow width (m)q is rainfall
exceed (m?9), C, is the sediment concentrationim?®), e indecates the local rate of erosion
or deposition (Ms* m?) andq, refers to the rate of sediment inflow, as forralkénflow to a
channel (m3).
In which, KINEOS2 estimates runoff by dynamic rogtiof rainfall excess;
Ao = Tw — [ 2
Where,r ) is rainfall runoff pattern (mm?Y, f v Indicates infiltration pattern usually more
effectively related to infiltrate depth (mrit)s
In addition, erosion rate is computed from rairasplerosior,(r, h) and hydraulic erosion,
en, rain flash erosion is directly linked to rain egyeand related to rain intensity in a unit of
area. KNEROS?2 linkeg with precipitation rater(), the fraction of covered soiy) and the
min runoff depth k).
Splash erosion is determined as follows;
es = Spl (1 — y)exp(—cqh)r? (3)
The soil vulnerability to rainfall detachment igelenined by parametépl, c, indicates the
effect of water depth in damping splash energyeduction in splash erosion with a raising
depth of surface water is expressed by the expdaeation and reflecting its dampening
effect on splash energy.
The hydraulic erosion is calculated as in relation;
ep = Chys (Cp — Cy) (4)
Where,C,, is transport capacity, presents a concentratidnsaastimated in KINEROS2 by a
modified form of the Engelund and Hansen relatiéngelund & Hansen, 1967). Tidd is a
coefficient and inversely related to soil cohestorany other restriction on soil entrainment
by flowing water. It is set to 1.0 during the dejpios process€>C,,). Schematic
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illustration of the geometric subdivision of a hylpesis catchment and other components of
the model can be referenced in the literature ad@\hser et al., 1990).

3.2. Datafor the model parameterizations

3.2.1 The Digital Elevation Model (DEM)

A DEM extracted from a Yen Bai database (producethb Vietnam Natural Resources and
Environment Corporation in 2009) was used for motpgical input data. This is a 10x10 m
grid-based DEM and produced using Photogrammethni@ogy (Image Stations of
Intergraph Corporation, USA).

3.2.2 Land use and land cover (LULC) datasets

We used Landsat TM imagery for LULC classificati@amsithe ground control points and
ground-truth data were extracted from the Yen Baidatabase for geometric corrections and
the supervised maximum likelihood classified metbeohg the ENVI 4.7, respectively. Two
Landsat TM scenes acquired od"2ZBnuary 2002 and P@viarch 2007 were processed and
analyzed for seven LULC categories (Fig. 9) andiemxy assessment (kappa statistics
producer accuracy and user accuracy).

Mean producer accuracy of classes of LULC2002 i68%, of LULC2007 is 72.70 %.
Average user accuracy calculated for LULC2002 &0@l72are 68.99 and 72.81% and overall
accuracies are 69.3 and 72.2 %, respectively. @pp& statistics were also estimated at 0.65
for LULC2002 and 0.69 for LULC2007. The reductiarisregetation cover presenting in the
watersheds during 2002-2007 period might be sednnthe Fig. 9. This, on the one hand, is
illustrated most clearly in the Nam Kim and lessthie other hand, in Nam Khat watershed.

3.2.3 Soil data

Soil profiles of the study site were derived frorariyBai custom soil map scale 1: 600,000
(Fig. 2) produced by the Environment and Resoumeti€-Agricultural Institute of Plan and
Design, Vietnam. The soils were mapped in Maplafitvgare in 1996 and categorized into 6
major soil groupings including fluvisols, calcisolerralsols, alisols, acrisols and gleysols.
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Figure 2: Sail classification map of Yen Bai province.

3.2.4 Satellite-based and radar rainfall data
MTSAT images with fifteen-minute and 2x2 km tempaad spatial resolutions were
provided by the Japanese Meteorological Sateli@et€r (NCHMF) for the rainfall input to
the model in order to assess the rain event §hJpBe 2011. The radar rainfall with five-
minute, 1x1 km rainfall images from the NCHMF weised for the precipitation input for the
same day.

3.2.5 Observed discharge for model validation

Only discharge data from the hydrological gaugé¢henoutlet of Nam Kim watershed called
Mu Cang Chai station was available at collectedtiermodel validation. There was another
gauge on Hut's outlet, but Hut basin is too big( 7 knf) and considered not appropriate for
KINEROS2 application due to scale problem.

3.3. Application of the model
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3.3.1 Watershed delineations and parameterizations

The two watersheds were parameterized using alnpugs and the tabular summaries are
indicated within table 1 and 2. The informationhiit the two tables is using LULC2007 and
the CSAs were set 7.5 % of the area for Nam Kim%dor Nam Khat watershed.

3.3.2 Testing model sensitive parameters

As based on previous literatures, fie saturated hydraulic conductivities of hill slepe
presented to be most sensitive to surface rundti{iMemarian et al., 2012). The
sensitivities of the relative saturation index @RY the critical source area (CSA) are
considered to have significant effects on the modgbuts (Kalin et al., 2003). Therefore, we
tested these parameters for our study zones.

3.3.3 Model calibration and validation

The watersheds were calibrated with a slope adprstifior the curve number (CN) of the
nine land use types of both LULC2002 and 2007 Herdim of estimates the soil erosion of
the single rain event on ¥3une 2011. The sensitive parameters (section &dis altered

for every model run for the single rain. The relatsoil saturation index (S) must be pre-
defined as antecedent condition and obtained frantiterature (Quang et al., 2015,
reviewing on the Hydrological Sciences Journal)e Bhvalues were set at 0.46 for Nam Kim
and 0.42 for Nam Khat. The method of accuracy assest was to estimate the goodness of
model simulation based on the Nash and Sutclifieiefcy (Nash & Sutcliffe, 1970).
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Table 1: Parameter s of the Nam Kim water shed

Plane ID Shape Area AvgSlope INT_ Cover Mann N Splash Rock Ks G Por Smax Cv Fract sand Fract silt Fract clay Dist

3 21.6 0.59 1.68 44.66 0.08 121.91 0.07 541 30044 084 052 0.36 0.25 0.39 0.27
5 21.6 0.62 147 39.15 0.06 121.89 0.07 5.14 298.6044 084 053 0.37 0.25 0.38 0.28
9 22.4 0.53 2.01 50.10 0.09 120.13 0.06 4.36 334.3e46 083 050 0.28 0.23 0.48 0.22
11 32.6 0.52 1.71 56.25 0.10 119.26 0.06 4.08 36.0.46 0.83 050 0.26 0.22 0.51 0.21
12 12.3 0.58 1.65 56.90 0.10 120.15 0.06 524 3W4.9.46 0.84 051 0.27 0.23 0.50 0.21
13 22.8 0.59 2.03 4279 0.07 122.46 0.06 6.72 266.9.42 0.84 058 0.48 0.25 0.27 0.35
14 0.2 0.63 1.80 3592 0.05 12294 0.06 808 291.947 086 056 0.30 0.24 0.46 0.21
16 8.9 0.66 1.48 5050 0.08 120.71 0.07 4.86 323.6845 084 051 0.31 0.24 0.46 0.23
17 0.3 0.50 1.65 4235 0.05 119.93 0.06 4.69 337.M47 084 052 0.26 0.23 0.51 0.20
18 0.6 0.63 121 43.46 0.04 12264 0.05 758 254.@841 084 061 0.1 0.25 0.23 0.37
19 6.6 0.54 151 4333 0.05 121.03 0.06 6.00 301.8344 084 056 0.37 0.24 0.39 0.28
22 9.7 0.57 1.63 52.00 0.08 119.98 0.06 497 338.0747 084 052 0.26 0.23 0.51 0.20
23 8.5 0.57 1.75 48.24 0.08 119.07 0.06 350 354.83047 0.83 049 0.24 0.22 0.54 0.19
24 30.4 0.59 1.64 55.32 0.10 122.32 0.06 6.60 234.9.43 084 054 041 0.25 0.33 0.31
25 1.3 0.57 1.72 53.20 0.09 118.39 0.06 3.11 367.mB47 083 049 0.21 0.22 0.57 0.17
26 2.7 0.54 221 3520 0.05 118.81 0.06 2.86 359.1647 0.83 049 0.23 0.22 0.55 0.18
27 17.3 0.52 1.80 51.75 0.09 11857 0.06 3.21 363.9.47 0.83 049 0.22 0.22 0.56 0.18
28 48.5 0.56 1.72 51.61 0.09 120.18 0.06 457 230.8©.46 0.83 051 0.30 0.23 0.47 0.23
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Table 2: Parameters of the Nam K hat water shed

Plane ID Shape Area AvgSlope INT_ Cover Mann N Splash Rock Ks G Por Smax Cv Fract sand Fract silt Fract clay Dist

2 5.92 0.51 1.65 72,56 0.12 122.07 0.06 7.93 295094 0.84 055 0.38 0.25 0.37 0.28
4 5.94 0.56 2.18 65.88 0.10 122.27 0.05 799 258820 0.83 059 0.53 0.25 0.22 0.39
7 6.08 0.47 2.28 63.27 0.09 121.38 0.05 7.17 268020 0.83 059 0.52 0.25 0.23 0.39
9 13.63 0.41 221 58.91 0.08 121.18 0.06 6.81 293843 0.83 059 042 0.24 0.34 0.32
12 16.05 0.42 1.67 67.07 0.11 119.45 0.06 5.09 1337045 0.83 0.53 0.30 0.23 0.48 0.23
13 2.37 0.45 2.64 55.41 0.06 121.54 0.05 6.78 263040 0.83 0.60 0.54 0.25 0.21 0.40
14 9.02 0.60 1.88 69.63 0.11 123.16  0.06 893 250640 0.84 058 0.53 0.26 0.21 0.39
15 0.29 0.53 2.73 52.07 0.05 121.54 0.05 6.54 263040 0.83 0.60 0.54 0.25 0.21 0.40
16 0.88 0.54 2.67 58.52 0.07 121.54 0.05 7.00 263040 0.83 0.60 0.54 0.25 0.21 0.40
17 0.03 0.51 3.00 55.00 0.06 121.54 0.05 6.75 263040 0.83 0.60 0.54 0.25 0.21 0.40
18 0.23 0.51 1.97 42.16 0.05 121.54 0.05 590 263040 0.83 0.60 0.54 0.25 0.21 0.40
19 11.45 0.56 1.92 68.60 0.11 123.34 0.06 8.94 29040 0.84 058 0.53 0.26 0.21 0.39
20 2.02 0.54 2.21 63.97 0.09 121.54 0.05 741 263040 0.83 0.60 0.54 0.25 0.21 0.40

Plane_ID presents the identifications of planeg.(E), Shape_Area is plane’s area fkmvgSlope is the zonal mean slope of the plagmeht in percent rise, INT_ is interception deptl), (Cover is fraction of
surface covered by intercepting cover — the rdimiéénsity is reduced by this fraction until theesified interception depth has been accumulateld,(™ann-N is Manning n coefficient, Splash représ rain
splash coefficient (0-1), Rock is volumetric rocidtion, G is the mean capillary drive (mm), Pafidates soil porosity (chrem®), Smax is maximum relative saturation (%), Cvasfticient of variation,
Fract_sand, silt and clay indicates the fractidnsaod silt and clay (0-1) and Dist is pore sizgrdiution index.
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4. RESULTS
4.1. Model validation

Satellite and Radar Outflows Vs Observed Discharge in Nam Kim Watershed
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Figure 3: Simulated vs observed data through the outlet of Nam Kim water shed.

Fig. 3 showed a good agreement between the motws and gauged data through
the Nam Kim’ outlet. The model was performed with $lope Ks ranged from 4.3 to
11.5, from 6.1 to 10.7; the S was set at 0.46, atN ranged from 0.04 to 0.1, 0.05 to
0.12 for Nam Kim and Nam Khat, respectively. Thesagnent is illustrated by the
calculated Nash—Sutcliffe efficiency (NSE) of 0fé8the use of satellite rainfall and
0.71 for the use of radar rainfall data. The eradrthe times and the peak values
comparing between simulated data and observedwmafiton were approximately 30
minutes and 10 is?, respectively. This would be a result of differesabetween the
coarse time of gauged measurement (1 hour) antihtieeof model estimation (1
minute).

4.2. Comparisons between different rainfall inputs eifeg on sediment yield
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Figure 4: Rainfall inputs effect on simulated sediment flows of Nam Kim and Nam K hat
water sheds for therain event on 23" June 2011.

The remarkable indications shown on the Fig. 4 wareus patterns of the plane and
channel sediment flows (SeF) and the flow volumdihiough, the pattern colors on
individual watersheds (a compares to b, c to dewet much different, the SeF values of the
use of radar rainfall were much lower than the afssatellite rainfall (indicated by the
legends). The rainfall is presented on the Figad &with outstanding differences of
temporal resolutions.

4.3. Impacts of soil saturation index on simulated kxsk for the two watersheds
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Figure5: Peak sediment flow estimated at the outlets of Nam Kim (a) and Nam Khat (b)
with variations of Soil saturation Indexes (S).

There were sharp rises (from 17 téhts just over 40 ton'Sfor the Nam Kim and from about
4 ton $' to 13.5 ton $ for the Nam Khat) of peak sediment dischargesifigwthrough the
river’'s outlets while the S was increased from 2&2) to 30% (S3) and to 40% (S4) on the
Fig. 5. The Fig. 5 indicated the gradual increddagtime to peak. However, with the bigger
watershed (Nam Kim) this trend was more eviderg.(ba). It is also can be seen that the use
of the satellite rainfall (SAT-rainfall - mmi¥) produced higher sediment discharge than the
use of the radar rainfall (Radar-Rainfall - mif).h

4.4. Results of testing plane or hill slope roughndgscéng on soil lost estimation
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Figure 6: Peak sediment flow estimated at the outlets of Nam Kim (a) and Nam Khat (b)
with variations of Planeroughness (R).

The graphs on the Fig. 6 showed the impacts ofdhghness of watershed’s planes on the
computed sediment discharges with multipliers (R2), 3 (R3) and 4 (R4) in compassion
with different climate data of precipitation. Bottatersheds presented sensitive to this
parameter with large scale of variations of Sekesl When comparing Fig. 5 with Fig. 6, it
can be seen that the bigger catchment area of Namrd§erved the lateral flow while the
smaller one of Nam Khat seemed to more sensitigentll rain at the very first of the whole
rain event.
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4.5, Effects of plane Ks on simulated soil loss

Channel Sediment Discharges-Nam Kim Channel Sediment Discharges-Nam Khat

tons?

0 10 20 30 40 50 12 14

ton st Ks  ——Ks-5% Ks+5% ton s Ks —=—Ks-5% ——Ks+5%

Figure 7. Evaluated total channe discharge for Nam Kim and Nam Khat water sheds
with plane Ks alternations and radar rainfall input.

By adjustments the saturated hydraulic conductighly) we had comparisons between total
sediment flow (TSeF) through the outlets of the twatersheds in conditions of plus and
minus 5% to Ks (Ks-5% and Ks+5% to the Ks valuasashwithin table 1 and 2). The figure
7 indicated that by minus 5% to Ks the TSeF inadasignificantly, particularly in the
middle of the simulation time for the both casesthe other hand, with Ks+5%, there were
important sharp declines also for both watershigds.also shown on the graphs (Fig. 7) that,
the curves were quite symmetric. This illustrated tlominant influences of Ks alternations
on the TSeF volumes and minor on lag peak time.

4.6. The effect of geomorphologic resolution on modelfighannel and plane sediment
yield

Interesting results of sediment yield (SeY) magsikustrated on the Fig. 8. By the
watersheds were discretized into larger compon@iases) or bigger critical source areas
(CSAs), the estimated sediment yield for the plam&s reduced gradually in both cases.
Remarkably, the channel SeFs were dropped shatplg the CSAs were enlarged. In
addition, there was a significant simplification®¢Y rates in small watershed components
(Fig. 8a, d) into larger ones (c, f) with lower Setes. The figure also showed that the SeY
rates were higher in upper-stream areas (abouwdr8f’tfor Nam Kim and around 6 torih
for the Nam Khat) and lower in down-stream zon@p(aximately 3 ton #i for Nam Kim

and 300 kg 1 for Nam Khat) of both watersheds.
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Figure 8: Maps of channel and plane sediment yield estimated by KINEROS2 with
different geomor phologic resolutions of water shed modeling.

4.6. Comparison different LULC effect on SeY

LULC2002 LULC2007 Differences in SeY
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Figure 9: Maps of satellite-based LULC (a, b, d and €) and their impacts on SeY
estimations (c and f) for therain event 234 June 2011.

The reduction of vegetation cover (decline of thie$t and increase of shrub, bare and
agricultural land) in five years (2002 to 2007) veésarly shown when comparing map Fig.
9a and b of Nam Kim watershed. In contrast, this lgas evident on the maps of Nam Khat
(d and e). Using the LULC2007 of Nam Kim generateste significant rates of sediment
yield than the use of LULC2002 in most areas. iIms@reas (in red or orange), the soil lost
rates increased from 4 toft ko 8 ton i and there were only small areas in down-stream
zone of the Nam Kim with a decline of SeY of 0 id4g h'. The sediment yield transport in
channels raised in most streams. However, it ishetase for the Nam Khat with the
growing and sinking SeY rates were alternated.

5. DISCUSSION

Channel discharge routine in KINEROS?2 is treatethieycontinuity equation for one-
dimensional equations presented in (Woolhiser.e@8B0) and (Smith et al., 1995). When
this method applied to this study, we found thasthsensitive parameters to model output of

discharge were critical hydraulic conductivity (KSpil saturation index (S) and less sensitive

was Manning n coefficient (N). This point was sugipd by studies of (Al-Qurashi et al.,
2008; Hadi Memarian et al., 2012). By adjustmerséhparameters, the KINEROS2
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indicated its ability to generate channel dischaigse to measured data with different types
of rainfall inputs (Fig. 3).

The differences in the temporal interval of pretpons derived from satellite and radar
sources have had momentous effects on resultsiohert flows (Fig. 4). Despite of the
variances of the accumulative rainfall depths wegligible (144 and 138 mm for satellite
and radar rainfall), the calibrated SeFs usinglgateainfall were nearly double the rates of
using radar rainfall. This could be explained by &xponential impact of the factor in the
equation (3) which has a direct positive influenoghe splash erosion. There have been
numerous investigations using radar rainfall fordelong river discharge such as (Carl L.
Unkrich, 2010; Looper & Vieux, 2012; Versini, 2022ijlarini et al., 2010; Zoccatelli et al.,
2010) and others. However, few attempts have aedlifze uncertainty of this parameter in
term of comparison with other data sources. Althortaglar rainfall has some advantages of
finer temporal and spatial resolutions (in compgtm satellite rainfall), it is still difficult to
judge which one is more accurate than the other.

Previous literatures showed that sensitive paranagi@yses might be important for
hydrological modeling performances due to their own task in modeling performances and
an effective way to coverage the model’s resulishgerved data by adjusting them (Duru &
Hjelmfelt, 1994). We have done parameter sensénayses for four model variables,
namely soil saturation index (S) (section 3.3), $ldpe roughness (R) (section 3.4), hill slope
critical hydraulic conductivity (Ks) (section 3.d4hd the CSAs (section 3.5). Every variable
has had in some extend influencing on the reddtisiever, the Ks was found the most
important control parameter. The Ks and S hadmifgignt effect on SeY magnitude (peaks),
the R, on the other hand, reserved lateral flowlandgthened time to peak with the bigger
watershed - Nam Kim. A similar topic of CSA assesshwas carried out by (Kalin et al.,
2003) and we also found a significant drop of eated SeYs while the CSAs were
increasing. What the value of the CSA is feasifilef is still a tough question. However, it
is much based on areas of modeled watersheds,raggog characters, geomorphologic
properties (Helmlinger et al., 1993) and hydrolagisponses.

The topic of investigation into changing in LULGstdting consequences of soil erosion
exaggerations has been a favorite theme for mamljest, to mane few (Anh et al., 2014;
Blavet et al., 2009; David et al., 2014). This stedhployed the LULC (2002-2007, acquired
date not on 23 June 2011) datasets just for investigation howhmitferent land use
changes resulted in soil loss and did not necégsaesent the factual soil erosion rates of
these watersheds. If the LULC2001 (four years )atas inputted to the model, the SeY rates
would be expected higher.

As a physics-based distributed model, KINEROS2itsaswn advantages and disadvantages
over a lumped parameter model (Schmengler, 20l83e® on model input data requirement,
scale issues discussed in (Bakimchandra, 2011)ehvatldation and SeY generations, we
recommend a use of this model for the aim of satlewassessment with individual rain
events in the tropics. Nevertheless, this studylw@ted at examination one single rain;
more rain events should be tested for the modergieations. However, some previous
researches used this model for similar investigati®&mith et al., 1999) event case study in
northern Vietnam (Ziegler et al., 2007; Ziegleakt 2004; Ziegler et al., 2006) but with
different respective.
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