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INTRODUCTION

 Thepurposeof this study is to present a physically basedribisted
hydrological model for flood forecasting/simulatitrat can be used
In Ungaugedor Data-poorbasins that exhibit a strong anthropogenic
effect.

 The model should be able to derive model paramelieectly and
practically from the readily accessible GIS dattoled from remote
sensing databases.

 The model parameters should represent the keyological and
hydraulic processes governing the flood processdslae 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)




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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Percolation Generation
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Runoff Routing Model (RRM)
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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
km? was selected as the
study basin.

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



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



Cell classsification

In the Liuxihe Model, the cells are classifiedndtslope cells,river cells andreservoir
cells. This classification is mainly based on EHeM.

River channel size estimation

With this procedure, the whole river channel isdia into sections that have the same
cross-section size and river bed slope, and tle® s@ction is classified into orders,
namely order 0,1, 2, 3, ...., N. The main streaordaer 0O, the first tributary section is
order 1, and so on. In this study, the river clehmras divided into 7 orders. The channel
cross-section size for every order is assumedahe and is estimated referring to the

DEM and other images.

Slde

Order | Width (m) Slanale ) Bed Slopeg) | Initial n | final n
0 30 30 0.03 0.025 | 0.0275
1 20 30 0.05 0.025 | 0.0275
2 15 30 0.1 0.025 | 0.0275
3 10 40 0.12 0.025 | 0.0275
4 5 40 0.18 0.025 | 0.0275
5 5 40 0.3 0.025 | 0.0275
6 2 40 0.5 0.025 | 0.0275




Landcover Type (from USGS)

Landcover type LAl | Initial n
Needle Forest 4 0.4
Evergreen Broadleaf 5 06

Forest

Bamboo 2 0.4
Brushwood 4 0.2
Grassland on Hills 5 0.4
Crops 2 0.15




Soil Type (from local agency)

Initial values Zs(mm) | b | ©s(100%)| ©fc(100%) | Ks(mm/h)
Hydromorphic Paddy | 1500 | 2| 044 0.24 6.0
Soll
Yellow Soil 1000 |2 0.46 0.25 7.0
Orthic Red Soill 1000 |2 0.45 0.27 7.0
Shale Red Soil 1000 |2 0.46 0.3 7.0
Ferralsoils 1000 |2 0.48 0.32 7.0




Flood Event

Event No. Starting date Duration Total rainfall Peak flow
(yymmddtt) (hrs) (mm) (md/s)
1 1990060101 32 152 689
2 1993050109 48 106 593
3 1995061711 70 91 369
4 1995081209 79 98 432
5 1997080210 77 143 566
6 1998051421 36 107 461
7 1998062110 72 110 203
8 1999082215 94 138 303
9 2000040209 49 114 296
10 2000071800 57 169 367
11 2000090109 48 163 722
12 2001052023 51 135 360
13 2001060422 60 84 245
14 2001060906 138 140 292
15 2001070608 73 194 796
16 2003060923 168 267 322
17 2003062608 96 195 115
18 2004051302 48 56 426
19 2005050823 41 92.5 248
20 2005061603 312 557 667




Parameter Adjustment

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 Sensitivity Analysis

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 soll
porosity characteristi¢s

andHighly 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.



Initial water content impact to model performance and determination



Initial values Zs(mm) [ b | ©s(100%)| ©fc(100%) | Ks(mm/h)
Hydromorphic Paddy Soi 1000 2 0.44 0.24 6.0
Yellow Soll 1000 2 0.46 0.25 7.0
Orthic Red Soil 1000 2 0.45 0.27 7.0
Shale Red Soil 1000 2 0.46 0.3 7.0
Ferralisols 1000 2 0.48 0.32 7.0
adjusted values
Hydromorphic Paddy Soil 1000 | 2.5 0.45 0.25 6.0
Yellow Soil 1000 | 2.5 0.47 0.26 8.0
Orthic Red Soil 1000 | 2.5 0.46 0.26 7.0
Shale Red Soil 1000 | 2.5 0.47 0.3 9.0
Ferralisols 1000 | 2.5 0.50 0.36 8.0
final values
Hydromorphic Paddy Soil 1000 | 2.5 0.45 0.25 6.0
Yellow Soil 1000 | 2.5 0.49 0.26 8.0
Orthic Red Soll 1000 2.5 0.48 0.27 7.0
Shale Red Soil 1000 | 2.5 0.49 0.31 9.0
Ferralsoils 1000 | 2.5 0.53 0.37 8.0







Model Performance
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Flood No.| R C B(%) | AhrsA
1 0.97| 0.84 | -10.6 1
2 0.95 | 0.90 -6.1 0
3 0.77| 059 | -22.0 -2
4 0.88| 0.24 | -38.4 -1
5 0.83 | 0.56 | -39.8 -1
6 0.92| 0.83 -9.3 -1
7 0.76 0.3 -17.7 0
8 0.94 | 0.86 -0.3 2
9 091 081 | -16.2 0
10 0.63| -0.18 | 11.2 -3
11 0.96 | 0.92 -0.7 1
12 0.85| 0.68 | -20.8 1
13 0.94| 0.88 0.4 -1
14 0.61| 0.18 | 41.1 0
15 0.95| 0.88 5.2 -3
16 0.87| 0.72 12.4 -2
17 0.71| 044 | -21.0 2
18 094 | 084 | -17.1 0
19 0.86 | 0.61 -0.8 0
20 0.89 | 0.61 54 0
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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

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

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;

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

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.



