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INTRODUCTION

• Thepurpose of this study is to present a physically based, distributed 
hydrological model for flood forecasting/simulation that can be used 
in Ungaugedor Data-poorbasins that exhibit a strong anthropogenic 
effect. 

• The model should be able to derive model parameters directly and
practically from the readily accessible GIS data obtained from remote 
sensing databases. 

• The model parameters should represent the key hydrological and 
hydraulic processes governing the flood processes and the spatial 
distribution of rainfall over the basin. 

• Used Radar derived QPE.



MODEL STRUCTURE AND 
METHODOLOGIES

� Basin digitization model (BDM)

� Data Preparation Model (DPM)

� Evapotranspiration model (EM)

� Runoff Production Model (RPM)

� Runoff Routing Model (RRM)

� Parameter Deriving Model (PDM)



MODEL STRUCTURE AND 
METHODOLOGIES

Runoff Production Model (RPM)

the Saturation-Excess
mechanism was used to govern 
the runoff production, and the 
lateral flow and percolation is 
also considered.
After the soil-layer reaches its 
saturation content, or so called 
saturation condition, then the 
surplus rainfall will be 
converted to surface runoff, or 
hillslope flow.
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Lateral Flow Generation
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River Routing
1D - diffusive wave

Hillslope Routing 
1D - kinematic wave 

Runoff Routing Model (RRM)



STUDY BASIN AND DATA
The Liuxihe River Basin
is located in southern 
China. The climate is 
humid with an annual 
average precipitation of 
2079 mm. The basin is 
frequently affected by 
floods.

An upstream tributary with 
a drainage area of 539 
km2 was selected as the 
study basin. 

The Liuxihe Dam is 
situated at the outlet of 
the basin.



STUDY BASIN AND DATA

Cell Classification (Accumulation=140)Flow Direction (D8 method)



MODEL PARAMETER 
DERIVATION

Cell classsification
In the Liuxihe Model, the cells are classified as hillslopecells, river cells and reservoir
cells.  This classification is mainly based on the DEM. 
River channel size estimation
With this procedure, the whole river channel is divided into sections that have the same 
cross-section size and river bed slope, and the river section is classified into orders, 
namely order 0,1, 2, 3, …., N.  The main stream is order 0, the first tributary section is 
order 1, and so on.  In this study, the river channel was divided into 7 orders. The channel 
cross-section size for every order is assumed the same and is estimated referring to the 
DEM and other images. 
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STUDY BASIN AND DATA
Landcover Type

Landcover Type (from USGS)

0.152Crops

0.45Grassland on Hills

0.24Brushwood

0.42Bamboo

0.65
Evergreen Broadleaf 

Forest

0.44Needle Forest

Initial nLAILandcover type



STUDY BASIN AND DATA
Soil Type

Soil Type (from local agency)

7.00.320.4821000Ferralsoils

7.00.30.4621000Shale Red Soil

7.00.270.4521000Orthic Red Soil

7.00.250.4621000Yellow Soil

6.00.240.4421000
Hydromorphic Paddy 

Soil 

Ks(mm/h)�©fc(100%)�©s(100%)bZs(mm)Initial values 
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667557312200506160320

24892.541200505082319

4265648200405130218

11519596200306260817

322267168200306092316

79619473200107060815

292140138200106090614

2458460200106042213

36013551200105202312

72216348200009010911

36716957200007180010

2961144920000402099

3031389419990822158

2031107219980621107

4611073619980514216

5661437719970802105

432987919950812094

369917019950617113

5931064819930501092

6891523219900601011

Peak flow
(m3/s)

Total rainfall
(mm)

Duration
(hrs)

Starting date
(yymmddtt)

Event No.

Flood Event



MODEL PARAMETER 
DERIVATION

The sensitive 
parameters and 
highly sensitive 
parameters were 
adjusted. Three 
flood events 
including flood 
event No. 9, No. 15
and No. 18 were 
simulated with the 
initial parameters

Parameter Adjustment



MODEL PARAMETER 
DERIVATION

Less sensitive Parameters
( Evapotranspiration parameters, 
underground flow parameters and water 
content at wilting condition) 
Were simply derived directly from local 
climate and hydrological conditions and 
were not adjusted
Sensitive Parameters
(water content at saturation conditions, 
field condition, soil thickness and soil 
porosity characteristics)
and Highly Sensitive Parameters
( manning coefficient for both hillslope 
and river cell, hydraulic conductivity) 
were derived first based on reference 
values, were further analyzed and then 
adjusted.

Parameter Sensitivity Analysis



INITIAL WATER CONTENT
Initial water content impact to model performance and determination



STUDY BASIN AND DATA
Parameters  Adjusted

8.00.370.532.51000Ferralsoils

9.00.310.492.51000Shale Red Soil

7.00.270.482.51000Orthic Red Soil

8.00.260.492.51000Yellow Soil

6.00.250.452.51000Hydromorphic Paddy Soil 

final values

8.00.360.502.51000Ferralisols

9.00.30.472.51000Shale Red Soil

7.00.260.462.51000Orthic Red Soil

8.00.260.472.51000Yellow Soil

6.00.250.452.51000Hydromorphic Paddy Soil 

adjusted values

7.00.320.4821000Ferralisols

7.00.30.4621000Shale Red Soil

7.00.270.4521000Orthic Red Soil

7.00.250.4621000Yellow Soil

6.00.240.4421000Hydromorphic Paddy Soil 

Ks(mm/h)�©fc(100%)�©s(100%)bZs(mm)Initial values 



SOME RESULTS



PERFORMANCE

0-5.4 0.610.8920

0-0.8 0.610.8619

0-17.1 0.840.9418

2-21.0 0.440.7117

-212.4 0.720.8716

-35.2 0.880.9515

0-41.1 0.180.6114

-10.4 0.880.9413

1-20.8 0.680.8512

1-0.7 0.920.9611

-311.2 -0.180.6310

0-16.2 0.810.919

2-0.3 0.860.948

0-17.7 0.30.767

-1-9.3 0.830.926

-1-39.8 0.560.835

-1-38.4 0.240.884

-2-22.0 0.590.773

0-6.1 0.900.952

1-10.6 0.840.971

�Ährs�ÅB(%)CRFlood No.

])()(][)()([ 2

1

22

1

2

1 1 1

����
� � �

==

= = =

--

-
=

N

i

i
sim

i
obs

N

i

i
obs

i
obs

N

i

N

i

N

i

i
sim

i
obs

i
sim

i
obs

QQNQQN

QQQQN
R

2
0

2

1C
F

MSE
-=

�
=

-=
N

i

i
obs

i
sim QQ

N 1

2)(
1

MSE

�
=

-=
n

i

i
obs

i
obs QQ

N
F

1

2
0 )(

1

Model Performance



CONCLUDING COMMENTS
1) Parameters:

- Highly Sensitive: water content at saturation conditions, at field conditions and
river channel Manning coefficient. 

- Sensitive : soil thickness, soil porosity characteristics, soil hydraulic conductivity 
and hillslope Manning coefficient. 

- Less Sensitive : evapo-transpiration, underground flow and water content at wilting 
conditions 

2) Initial water content had a great impact on the model performance for both the runoff 
quantity and peak flow. 

3) Parameter adjustment, and not calibration as in lumped models, is vital to improve 
physically based, distributed hydrological performance as there is no systematic and 
global referencing in deriving model parameters from terrain data; 

4) The proposed Liuxihe Model is a fully physically based distributed hydrological model, 
and can be used in data-poor or ungauged basins.;

5) The proposed Liuxihe model works well in simulating 20 large flood events thus 
presenting further evidence on the potential use of the physically-based distributed 
hydrologic models for simulation/prediction of floods in river basins.


