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Flash ﬂooding prediction in regions of northern Vietnam
using the KINEROS2 model
Hong Quang Nguyen, Jan Degener and Martin Kappas

ABSTRACT
Flash ﬂooding (FF) in Vietnam has become an important issue due to increasing loss of property and
life. This paper investigates FF prediction using the Kinematic Run-off and Erosion model to perform
comprehensive analyses to: (1) evaluate the role of initial soil moisture (θ) conditions using the
Bridging Event and Continuous Hydrological model; (2) model the discharge (Q) using different rainfall
inputs; (3) test the sensitivities of the model to θ and Manning’s n coefﬁcient (N) on Q and validate the
model; and (4) predict channel discharge (QC) using forecasted rainfall. A relative saturation index (R)
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of 0.46 and N of 0.14 produced the best match of the simulated outﬂow to measured Q, while the
saturated hydraulic conductivity (Ksat) and R had signiﬁcant effects on the magnitude of ﬂooding. The
parameter N had remarkable inﬂuences on the volume of ﬂow and its peak time. Surprisingly, the use
of radar rainfall data underestimated Q compared to the measured discharge and estimates using
satellite rainfall. We conclude that the KINEROS2 model is well equipped to predict FF events in the
study area and is therefore suitable as an early warning system when combined with weather
forecasts. However, uncertainties grow when the forecasted period expands further into the future.
Key words
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INTRODUCTION
Recently, there has been a growing interest in the damage

Vieux ; Quintero et al. ; Versini ). We used a

caused by natural hazards (Creutin et al. ; Kousky &

modelling method employing the Kinematic Run-off and

Walls ) and ﬂash ﬂoods (FFs). The most devastating

Erosion Model (KINEROS2) to assess a past FF on 23rd

ﬂoods often cause heavy loss of life (Gupta ; Ashley

June 2011 (R23rd), the Bridging Event and Continuous

& Ashley ; Brauer et al. ). In northern Vietnam,

Hydrological (BEACH) model to calculate θ as input to

the development of FFs has induced an imperative need to

the KINEROS2, and the results from some meteorological

mitigate their impact (NCHMF ). Despite this need,

models, namely the Global Spectral Model (GSM) (Krishna-

few attempts have been made to mitigate ﬂoods in the

murti et al. ) and the High Resolution Model (HRM)

region. This lack of ﬂood mitigation might be explained by

(Majewski ), for the forecast stage.

the complexity of FFs themselves and by the remaining pre-

In 11 years, from 1995 to 2005, Vietnam experienced up

vailing uncertainties (Montz & Gruntfest ; Estupina-

to 300 FF events that resulted in the following losses: 968

Borrell et al. ; Ntelekos et al. ). An extensive

people died, 628 people were injured, and material losses

amount of research has been accumulated worldwide on

worth €71 million occurred. Most of the FFs were in the

many aspects of FFs (Montz & Gruntfest ; Morin

north of Vietnam (NCHMF ). The north of Vietnam, in

et al. ); many of these works suggested that a feasible

general, and Yen Bai province, in particular, are identiﬁed

approach to FF mitigation is to identify their occurrences

as being very prone to FFs, and the people are highly

early (Khavich & Benzvi ; Alfieri et al. ; Looper &

exposed to FF problems. In Yen Bai province (case study

doi: 10.2166/nh.2015.125
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area), the R23rd event took four lives in the Nam Khat catch-

The Nam Kim watershed, shown in Figure 1, was

ment area. FFs have not only resulted in loss of life and

chosen for the KINEROS2 model validations using

property but also negatively impacted society or had

observed data records at its outlet. BEACH daily actual eva-

severe social consequences (Ruin et al. ). It is believed

potranspiration

that for an advanced understanding of FFs, multidisciplinary

watersheds and compared with the Soil and Water Assess-

approaches must be integrated (Villarini et al. ). This

ment Tool (SWAT) ETa. Nam Khat experienced the FF

study focuses on the physical techniques of modelling FFs

event on 23rd June 2011, which resulted in the loss of life

and their forecast prospects.

and property. Many areas in Yen Bai province are prone

(ETa)

was

computed

for

the

three

FF modelling is complex and linked to the problem of

to FF due to their conditions of annual precipitation of

uncertainties (Beven ). Although there are large num-

approximately 1,500 mm, average slopes of 28 degrees and

bers of studies on FFs, their behaviours are not fully

a reduction of vegetation cover. The watersheds are located

understood (Sahoo et al. ). Many questions have been

at approximately 1,200 meters a.s.l., where most residents

addressed, such as questions on the accuracy of model

belong to an ethnic minority and are potentially exposed

inputs and outputs (Li et al. , ; Li & Xu ),

to ﬂooding. Ngoi Hut is the largest watershed and was

model structure (Bloschl et al. ; Garcia-Pintado et al.

used for testing the application of the KINEROS2 model

; Looper & Vieux ), initial conditions and boundary

for a larger watershed.

conditions (Abderrezzak et al. ; Vincendon et al. ;
Seo et al. ), temporal and spatial scales (Amengual et al.
; Reed et al. ; Younis et al. ), and threshold-

MATERIALS AND METHODS

runoff uncertainties (Gupta ; Ntelekos et al. ).
El-Hames & Richards () suggested that, for a successful

Study ﬂow chart

application of ﬂood prediction, complex and comprehensive
techniques are often required. Furthermore, as FFs occur

Figure 2 provides an overview of the steps to achieve the

shortly after the onset of rainfall events, hydrological

study objective of FF forecast. Model input preparations,

models used for FF forecast must have the ability to evaluate

calibrations, validations and connections are presented

the level of risk in a short time ( Janal & Stary ).

step-by-step in the following sections.

We used the robust model of KINEROS2 for estimating
and predicting QC (a complete study framework is presented

Channel routine equation

in the Materials and methods section). The model has
already proven to be reliable for such tasks in semi-arid

The basic equations of the channel routine were deﬁned

regions (Volkmann et al. ). The goal of our study is to

comprehensively in Woolhiser et al. () and Smith

evaluate its merits for a more humid sub-tropical environ-

et al. () or, for the more recent version, KINEROS2 in

ment, to identify the key variables that determine its

Semmens et al. (). We only present the following

output, and to assess its suitability to predict FF events

kinematic channel equation solved by a four point implicit

based on different precipitation input data.

techniques (Woolhiser et al. ).

STUDY SITE
This study focuses on regions in northern Vietnam featuring
similar climatic and morphological conditions of typical tro-
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pical, steep and dense drainage-network systems. Some
representative watersheds in Yen Bai province were

where A is the cross-sectional area, qc is the lateral inﬂow,

chosen for the actual modelling implementations.

θw is a weighting parameter (often 0.6 to 0.8) for the x
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Study area of Nam Kim, Ngoi Hut and Nam Khat watersheds in Yen Bai province, Vietnam.

derivatives at the advanced time step (Δt), and Q is the dis-

main aim of the model is to estimate the daily θ. More details

charge per unit width (L2 T2); Newton’sh iteration
i
technique is used to solve for the unknown area Aiþ1
jþ1 .

about the model are referenced in Sheikh et al. ().
SWAT is a well-known hydrological distributed model.
Details about the model and its applications can be found

The BEACH and SWAT models

in Neitsch et al. () and others. As the ETa is extremely
difﬁcult to validate, we used the SWAT ETa for calibrating

Because the event-based KINEROS2 model does not com-

the BEACH model.

pute inter-storm θ conditions, the antecedent θ (θant) must
be provided as the initial condition at the beginning of the

Soil, land use/land cover and DEM

model run. The daily soil moisture calculated by the
BEACH model could be a good solution.

The land use/land cover (LULC) of Yen Bai province was

BEACH was developed by Sheikh et al. () and is a

mapped using Landsat 5 TM scenes (30 × 30-meter resol-

spatially distributed daily basic hydrological model. The

ution) acquired in 2009. The map consists of six classes,
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The Sat-P of the R23rd event and the rainfall event on
30th June 2011 (R30th) was derived from 70 images. We
developed a model (called SATAS) using the Model Builder
application running within the ArcMap environment. The
model extracts the rainfall from the original images.
Radar precipitation was derived from the data of two
ground radar stations at Viet Tri and Phu Lien for the
R23rd event and processed similarly together with the
Sat-P using the SATAS. The spatial resolution of a radar
scan was 2 kilometres, and the scanning-time interval was
5 minutes. The Rad-P was estimated using the conventional
method of Marshall et al. (), as in the following relation:
z ¼ 200R1:6

(2)

where R (mm h1) is the rain rate, and z is the radar reﬂectivity factor.
Daily gauged-3-hour rainfall (Gau-P) was recorded by
the rain gauge in Nam Kim (Figure 1) and extracted for
the KINEROS2 validation of the rainfall on 8th (R8th) and
31st (R31st) July 2011. These data were accumulated to
daily values and used as input for the SWAT model.
As the forecasted rainfall is a prerequisite for the FF preFigure 2

|

Methodological ﬂow chart of FF prediction.

diction, we used the FR from the numerical weather
prediction (NWP) of GSM (3.5 day forecast) and of HRM

including forest, shrub, agricultural land, grassland, water
bodies and bare land. The soils of the regions are categorized into six major soil groupings: ﬂuvisols, calcisols,
ferralsols, alisols, acrisols and gleysols. The soils were
derived from a custom soil map produced by the Environ-

(5.5 day forecast). The GSM and HRM are operated in
local watersheds at times of 00:00, 06:00, 12:00 and 18:00
and at times of 00:00 and 12:00, respectively. The Thiessen
approach (Thiessen ) can be applied for generating
distributed forecasting precipitation.

ment and Resource Centre-Agricultural Institute of Plan
and Design, Vietnam. The Digital Elevation Model (DEM)

Stream gauged discharge

used for geomorphological inputs was provided by the Vietnam

Resources

and

Environment

Corporation

and

The in situ measured Q (daily and hourly) recorded by the

produced in 2009 using the Aerial Photogrammetric tech-

stream gauges (Figure 1) was available for Nam Kim and

nology of the Intergraph Corporation, USA.

Ngoi Hut. The daily data were used for the SWAT, and
the hourly data were used for the KINEROS2 model.

Rainfall data
SWAT calibration and validation
We used several rainfall sources for this research including
satellite-based (Sat-P), radar rainfalls (Rad-P), gauged and

The model was calibrated over the ﬁve years from 2001 to

forecasted rainfall (FR). All the data were provided by the

2005 for Nam Kim and Ngoi Hut. Some sensitive par-

Vietnamese National Centre for Hydrological Forecasting.

ameters were adjusted, as summarized in Table 1. Note
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Top ten SWAT sensitive parameter and ﬁnal values

Sensitivity order

Parameter

Description

Unit

Range

Initial value

Final value

1

CN2

Curve number condition 2

–

35–98

35

54.1

2

Alpha_Bf

Baseﬂow recession constant

days

0–1

0.04

0.4

3

Ch_K2

Effective hydraulic conductivity in channel

mm hr1

0.01–500

50

75

1

4

Sol_K

Saturated hydraulic conductivity

mm hr

0–2,000

2

4.30

5

Ch_N2

Manning n value for the main channel

–

0.01–0.3

0.015

0.05

6

Surlag

Surface runoff lag coefﬁcient

–

1–24

4

2.5

7

Sol_Awc

Available water capacity

mm mm1

0–1

0.22

0.31

8

Gw_Revap

Revap coefﬁcient

–

0.02–0.2

0.02

0.2

9

Esco

Soil evaporation compensation factor

–

0-1

0

0.95

10

Gwqmin

Threshold water level in shallow aquifer for base ﬂow

mm

0–5,000

0

0.50

that some ﬁnal values were averaged from the values of

RESULTS

hydrologic response units (HRUs). Model validation was
applied after every calibration from 2006 to 2012. The good-

Results of SWAT calibration and validation

ness of agreement between the simulated data and the
observed data were evaluated using the coefﬁcient of deter-

Compared to the daily observed data, signiﬁcant overesti-

mination (R2), the Nash–Sutcliffe simulation efﬁciency

mates of Q for Nam Kim and underestimates for Ngoi Hut

coefﬁcient (NSE) and graphical methods. These methods

exist before the calibration of the models (NSE ≈ 0.35)

were also applied for BEACH and KINEROS2.

(Figure 3(a) and 3(c)). In contrast, the simulated discharge
after calibration and validation matched closely to the
measured data in both watersheds, with average R2 of 0.79

BEACH calibration
The BEACH calibrated parameters are represented in
Table 2, based on the results of the calibration and
validation of SWAT. As the BEACH estimates ETa for different types of crops, the SWAT ETa was calculated for each
HRU representing the corresponding crop class for these
comparisons.

and NSE of 0.65.

Results of KINEROS2 calibration and validation
In the ﬁrst model run using the default parameters, θ of 46%
and channel Manning’s n coefﬁcient (Nc) of 0.035, KINEROS2
simulated the Q as being much higher than in the observed
data, and its peak was nearly double the gauged peak. The
gap was reduced after the calibration stage, mostly due to

KINEROS2 calibration and validation

increases in N and reductions in Ksat. This trend remained in
the validations. The goodness of agreement is graphically

The KINEROS2 model was calibrated for the R23rd event
using the hourly gauged Q and Sat-P. Some signiﬁcant
changes of parameters were implemented in the calibration

depicted in Figure 4, with a mean R2 of 0.93. The best correlation between simulated and observed Q was found for the
R23rd event, and less agreement was found for the R31st event.

stage to make the model an acceptable simulator of the real
hydrological system. These parameters are summarized in

Comparing SWAT and BEACH ETa

Table 3. Afterwards, the model validation was performed
for the R30th (using Sat-P), R8th and R31st (employing

Figure 5 indicates the positive correlation between evapo-

Gau-P) events.

transpiration of the two models calculated for the
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BEACH input variables and parameters

Variables

Notation

Unit

Grass

Shrub

Industrial plants

Rice

Thin forest

Forest

Curve number condition 2

CN2

–

80

60

65

75

50

45

Initial basal crop coefﬁcient

Kcb ini

–

0.03

0.20

0.17

0.15

0.30

0.40

Median basal crop coefﬁcient

Kcb mid

–

0.30

0.80

1.10

0.85

1.20

1.50

End basal crop coefﬁcient

Kcb end

–

0.15

0.25

0.25

0.85

0.85

0.70

Light use efﬁciency

μ

–

0.25

0.50

0.45

0.30

0.60

0.75

Maximum crop height

Hmax

m

0.30

1.10

1.10

0.40

2.50

10.0

Maximum leaf area index

LAImax

m2 m2

0.06

2.00

3.20

1.50

5.00

6.0

Maximum root depth

RDmax

m

0.30

1.70

1.50

0.50

1.70

2.50

Saturated hydraulic conductivity in surface layer

Ksat

m d1

0.06

0.10

0.10

0.09

0.10

0.11

1

1

Saturated hydraulic conductivity in second layer

Ksat

0.26

0.26

0.26

0.26

0.31

0.36

Soil evaporation depth

De

m

0.15

0.15

0.15

0.15

0.15

0.15

Soil moisture at saturation in surface layer

θ1

m3 m3

0.45

0.50

0.55

0.55

0.55

0.60

Soil moisture at saturation in second layer

θ2

m3 m3

0.50

0.60

0.65

0.55

0.65

0.70

3

2

md

3

Soil moisture at ﬁeld capacity in surface layer

θfc 1

m m

0.15

0.23

0.20

0.25

0.30

0.40

Soil moisture at ﬁeld capacity in second layer

θfc 2

m3 m3

0.20

0.25

0.22

0.27

0.35

0.45

3

3

Soil moisture at wilting point

θwp

m m

0.11

0.13

0.13

0.12

0.14

0.15

Subsurface ﬂow coefﬁcient

C

d1

0.25

0.25

0.25

0.25

0.25

0.25

Water stress sensitivity

p

–

0.55

0.55

0.55

0.45

0.75

0.85

Table 3

|

KINEROS2 parameter calibrated for the R23rd event

Range
Parameter

Description

Unit
1

Initial value

Optimal valuea

Plane

Channel

Plane

Channel

Plane

Channel

41.7

4.46

45.5

ksat

Saturated hydraulic conductivity

mm h

0–10

20–50

3.7

s

Initial saturation

–

0–0.9

0–0.9

0.2

0.45

0.46

0.85

n

Manning’s coefﬁcient

–

0.01–1

0.01–1

0.035

0.036

0.07

0.14

φ

Soil porosity

–

–

–

0.1

0.44

0.47

0.44

g

Capillary length scale

mm

0-500

0-500

0

0

367.13

101

w

Woolhiser coefﬁcient (channel microtopography)

–

NA

–

NA

0.15

NA

0.15

i

Interception depth

mm

–

–

2

NA

1.51

NA

p

Plant cover

–

–

NA

1

NA

0.52

NA

slp

Slope factor

–

0.5–1

NA

1

NA

0.66

NA

spl

Splash coefﬁcient

s m1

25–150

NA

25

NA

121.37

NA

a

Averaged values; NA ¼ not applicable.

watersheds in 2011, with a NSE of 0.6 for both Nam Kim

approximately 25th March at above 10 mm d1. From

and Ngoi Hut watersheds and 0.62 for the Nam Khat

May to November, the ETa varied by approximately

watershed. The differences were greater from mid-January

2 mm d1. Correlations between the daily rainfall and eva-

to

potranspiration were also observed. On rainy days, the ETa

mid-March.

In

all

cases,

the

ETa

peaked

at
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Comparison between the gauged and the SWAT discharge in the Nam Kim and Ngoi Hut watersheds.

values were low; however, on the subsequent dry days,

Results of the KINEROS2 model

they rose sharply.
Model parameter sensitivity tests
BEACH soil moisture
The graphs (Figure 7(a) and 7(c)) show the impacts of
Figure 6 illustrates that the forest land was the wettest land,

changing θant conditions on the estimated KINEROS2

in contrast to the plant industrial zone. The differences

outﬂow through the watershed outlets. The reduction of

between θ of forest land and the mean values (calculated

θant from 50 to 20% resulted in declines of the peaks

considering area-weightings) were minimal because of the

from 845 to 535 m3 s1 in the Nam Kim watershed and

dominance of the forest area in Nam Kim. In both water-

from 355 to 279 m3 s1 in the Nam Khat watershed.

sheds, from January to 20th March, the soil was the

However, the reduction had no impact on the time to

driest. In contrast, from May to October, the soil was

peak. In addition, the graphs (Figure 7(b) and 7(d)) pre-

wet, with the conditions gradually becoming drier. The

sented the changes of both Q values and the time to

mean θ on 22nd June 2011 was marked at 46% for the

peak while the Nc values were increased and θant was

Nam Kim watershed and at 42% for the Nam Khat water-

kept unchanged. The peaks and the lags in Nam Kim

shed and was used for the KINEROS2 modelled R23rd

(268 km2) reduced sharply while the Nc was decreased.

event.

However, less sensitivity was found for Nam Khat
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Figure 4

|

Scatter plots of the KINEROS2 calibration and validation for the R23rd, R30th, R8th and R31st events.

Figure 5

|

Comparison of the mean ETa values of the BEACH and SWAT simulations for the Nam Kim, Nam Khat and Ngoi Hut watersheds.
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Figure 6

|

Daily BEACH soil moisture.

Figure 7

|

Effects of antecedent soil moisture and N on discharges (P denotes precipitation. S2, S3, S4, S5, S4.6 and S4.2 represent soil moisture conditions at 20%, 30%, 40%, 50%, 46%
and 42%, respectively; N1, N2, N3, N4 and N5 indicate Manning’s n roughness coefﬁcients of 0.035, 0.07, 0.10, 0.140 and 0.175, respectively).

(74 km2), with Q declines of 60 m3 s1 and lags of 30

Ksat sensitivity test

minutes. The model predicted the Q ﬁtting best to the
observed ﬂow at the θ conditions of 46% and the Nc of

The Ksat represents the most sensitive parameter of

0.14 (Figure 7(b), S4.6N4).

KINEROS2: with an increase or decrease of just 20% from
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the initial values (see Table 3), great changes in simulated Q

are presented in Figure 9. Obviously, the ﬂow volumes were

are found in the graphs compared to the results of the initial

positively proportional to the areas of the model elements.

input (the continuous lines in the middle in Figure 8). How-

The new version of KINEROS2 is linked to the ArcMap inter-

ever, the plane Ksat was more sensitive than the channel

face and allows users to view hydrographs of any of the

Ksat. In addition, the size of the watershed played a remark-

reaches. A combination of the hydrographs and the maps

able role in the impact of the Ksat, as depicted by the ‘plump’

could be extremely helpful for quickly identifying the reaches

graph of Nam Kim and the ‘slender’ one of Nam Khat.

and planes that have large amounts of discharge.

Comparing discharge using Sat-P and Rad-P

Forecast KINEROS2 discharge using the HRM and GSM

While other inputs, such as θ and N, were kept unchanged,

Using the forecast rainfall provides an opportunity to issue

in general, using Rad-P produced lower peaks than using the

FF warning relying on the modelling Q. The merit of the

Sat-P (≈observed) in both of the watersheds (Table 4).

model was presented by the ﬁtness of the simulated Q

Although the total Sat-P and Rad-P rainfalls were not

with the observed Q and the agreement between using Sat-

much different, the estimated time to peak of the Rad-P

P and the GSM and HRM rainfalls (Figure 10). However,

was 0.73 hours later than that using Sat-P in Nam Kim

some false alarms (marked by the circles) and overestimates

and 0.26 hours later than that in Nam Khat.

at approximately 6 am on 26th June were found.

KINEROS2 stream discharges

DISCUSSION
The Nam Kim and Nam Khat watersheds were modelled using
KINEROS2 and Sat-P, with an Nc of 0.14 and an S of 0.46 and

In performing FF prediction, we face great challenges and

0.42, respectively. The peak ﬂows of the streams and planes

uncertainties concerning the input data and model structure

Figure 8

Table 4

|

|

Effects of Ksat on the discharge simulated for the R23rd event (KsC and KsP refer to the channel and plane Ksat).

Comparing the simulated discharge using the Sat-P and Rad-P for the R23rd event

Accumulative rainfall
Peak discharge (m3 s

1

)

Lags (hour)

(mm)

Parameters/Watersheds

Sat-P

Rad-P

Observed

Sat-P

Rad-P

Soil moisture (%)

Sat-P

Rad-P

NAM KIM

314.3

189.2

306.2

4.4

5.13

46

144.4

133.3

NAM KHAT

191.5

108.7

–

1.67

2.02

42

135.5

113.1
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(Montz & Gruntfest ). Although it is difﬁcult to overcome these obstacles (Beven ), it is certainly not
impossible. Many previous studies have failed to predict
the stream runoff due to insufﬁcient θ condition information
(Ntelekos et al. ; Javelle et al. ; Marchi et al. ).
Hence, the result of the certiﬁed BEACH model might play
an important role to address this issue. In addition, all other
inputs used for this study, such as the DEM, soil map, or
LULC, were produced following the national norms or evaluated using a thorough accuracy assessment.
Concerning the model structure and parameter evaluations, all models were calibrated and validated. In
particular, KINEROS2 was tested with several rainfall
inputs; such testing had not been performed in many other
works. This difference gives us opportunities to compare
and contrast the outcomes. Some similarities of using the
Gau-P and Sat-P outputs were found, whereas the supervised output of Rad-P underestimating the observed data
was found. However, we do not judge that the Rad-P is
less accurate than the Sat-P. It might be a question of the
old radar generation used in Vietnam. As FFs often occur
a short time after rains (4–6 hours) (NWS ), a good FF
Figure 9

|

Figure 10

Modelled stream and overland ﬂow using KINEROS2.

|

warning system should provide timely information (Lin

Forecast QC using the GSM and HRM rainfall at the outlets of Nam Kim (a) and Nam Khat (b).
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et al. ). This requirement is for the computational oper-

but were the only ones available at the time of this study

ation of models as well. KINEROS2 was validated using an

in Vietnam. Because most parameters of the NWP models

Intel core™ i3, 2GB RAM computer, which only required

are highly nonlinear and naturally inconsistent (Majewski

approximately 20 seconds to run (at Nam Kim). This short

; JMA ), uncertainties grow when the forecasted

run was one of the reasons for choosing this robust model.

period expands further into the future. This might limit the

Only new updated FR is required for an up-coming forecast

average goal of the USA FF warning systems of 65% of cor-

operation. Other parameters, such as the LULC, are rec-

rect alarms (Smith et al. ). As such, much work is

ommended to be updated seasonally, and the soils and

required to improve the forecast of rainfall particularly

DEM are renewed in decades if signiﬁcant changes are

with regard to extremes and the consequence of the predic-

found.

tion of FFs.

Manual parameter calibration is a time-consuming
implementation. Thus, the results of model parameter sensitivity tests might be signiﬁcant for this work and for future
studies as well. These study ﬁndings of substantial sensitivities of the Ksat, S and N to the model outputs
are consistent with those of Memarian et al. () and
Martínez-Carreras et al. (). An important point is that
this result of model calibration could be applied to ungauged
‘neighbour’ watersheds (Nam Khat for example) using a socalled ‘regionalization approach’ or similar methods already
applied by Boughton & Chiew (), Makungo et al. ()
and Servat & Dezetter (). Therefore, previously unresolved questions of ﬂooding threshold determination for
ungauged catchments might be answered. In addition,
Carpenter et al. () considered that the FF threshold is
an essential part of FF warning systems. Unfortunately, the
FF threshold varies naturally from watershed to watershed;
as a result, traditional methods of evaluating the threshold
using statistical reports were often not convincing (considering impacts of climate change) and inapplicable for
ungauged catchments.
The uncertainties of a hydrological model’s outputs are
directly linked to rainfall estimations (Villarini et al. ).
Currently, Adjei et al. (), Castro et al. () and Xu

CONCLUSIONS
The θant conditions were found to be extremely important
for predicting the ﬂooding magnitude and are therefore
very helpful for providing FF guidance. However, unlike discharge and precipitation data, θ data are not routinely
observed over a long period. Hence, the use of BEACH
for Ea estimates is a promising approach. The Ksat was
found to be the most sensitive parameter to determine the
simulated QC. Although the variance of S and the Ksat
had no impact on the time of Q’s peak, changes in both parameters had signiﬁcant effects on Q’s volume. KINEROS2
represented a dynamic, robust hydrological model with the
capability to simulate discharges (hydrographs) that ﬁtted
well to measured data using different rainfall sources. Therefore, we conclude KINEROS2 could be an appropriate
model for the purpose of predicting the QC and thus for
use in forecasts. The applications of the KINEROS2 model
with the FR (from GSM and HRM) revealed the possibility
to predict the time, magnitude and location of approaching
FFs.

et al. () have introduced the newest rainfall estimation
for tropical regions using satellite techniques. In addition,
Finsen et al. (), Kang & Merwade () and Wu et al.
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