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1. Introduction of the WEB-DHM hydrological 
model;

2. How to run the hydrological model with long-
term forcing data (past and future);

3. How to analyze the simulated long-term 
discharge, to identify the occurrence of floods 
and droughts.

Section 1

Section 2

Interactive discussions between the CCAA 
participants with our UT team (Wang, Tsujimoto, 
Patricia, Shrestha, Thanda, Slamet).  
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It is very likely that
heavy precipitation
events will continue to
become more frequent.

> 90%

It is likely that area 
affected by drought will 
increase.

> 67%
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Land Surface Models Distributed Hydrological Models

Demerit

1-D scheme, not consider:

Sub-grid topography;

Lateral Runoff;

Groundwater dynamics.

Have large uncertainties in 
simulating

Evapotranspiration (ET);

Evolution of soil moisture.

Merit

Well formulate water and 
energy fluxes in SVAT system;

Prediction of photosynthesis 
and respiration.

Distributed representation of 
the spatial variation;

Slope-driven runoff generation 
and River Routing;

Groundwater dynamics.

Couple

Remove

SiB2 GBHM

Representative

WEB-DHM
(Water and Energy Budget-based Distributed Hydrological Model)

Wang, 2007, PhD thesis

Wang, Koike et al., JGR, 2009

Slope length 
and angle are 
preprocessed 
from fine DEM



WEB-DHM is a solution for flood and drought

Better initial conditions

Improved Flood 
Simulation

Physical ET estimation

Improved soil moisture simulation

Reliable discharge simulation

Agricultural drought

Hydrological drought

Other surface meteorological inputs Precipitation

WEB-DHM with Energy 
Budget

Quantitative 
Drought 

Identification

Meteorological drought

GW

Accurate base 
flow simulation

Model Inputs

DEM, river networks, sub-catchments with 
geomorphology, 
Soil map
Land use map
Precipitation
Other Surface Meteorological data
(Shortwave and longwave radiation, wind speed, humidity, 
air pressure, air temperature, cloud fraction)

FPAR & LAI (satellite data)



DEM (Digital Elevation Model)

River Basin



Spatial Discretization
Basin-> Subbasin-> Flow intervals

Soil Type



Land Use

An example of forcing data

Mean precipitation  for 2001 and 2002



Model outputs

Discharge;

Land Surface Temperature (LST)

Evapotranspiration;

Soil moisture;

Soil temperature;

Energy and CO2 flux.

The upper Tone River Basin, Japan

Daytime LST

Nighttime LST

Simulated LST
Daytime    nighttime

MODIS LST

2001-2004

Wang, Koike et al., 2009, Journal of Hydrology



(a) Murakami (b) Yakatabara      (c) Iwamoto          (d) Maebashi
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Hourly Annual Largest Flood Peak

2003

2004

Drought study in Pampanga River Basin, Philippines

El Niño (red)

La Niña (blue)

ENSO influence

Rainfall

Discharge

Surface Soil Moisture

Root-zone Soil Moisture

Groundwater Level

Standardized Anomaly Index

Jaranilla-Sanchez, Wang, and Koike, 2011, Water Resources Research
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Drought identification, Pampangga River Basin, Philippines
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Advantages of WEB-DHM

A distributed biosphere hydrological model, which can give 
continuous, spatially-distributed descriptions of water and energy balance, as 
well as CO2 flux for river basins.

More reliable estimation of ET.

(by using a biophysical land surface scheme for simulation of heat and 
moisture fluxes in the SVAT processes)

Satellite data is used to describe the vegetation state and phenology.

Couple with GCM for flood and drought prediction
Applicability to large river basins.
(by simplification of a model grid to a hillslope element, and simplification of 
river routing process)



2. How to run the hydrological model with 
long-term forcing data (past and future);

3. How to analyze the simulated long-term 
discharge, to identify the occurrence of 
floods and droughts.

Section 1 (continued)

Interface: format.f, read_rain(), and so on

Interface: Merge_Daily_Result.f, rank.f
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Section 2

Interactive discussions between the CCAA 
participants with the UT team

(Wang, Tsujimoto, Patricia, Shrestha, Thanda, Slamet)  

Any Questions and 
Discussions…
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Flowchart of WEB-DHM program 

Initialize the model parameters (input.txt) 

Time integration loop begins: t=0 

Initialize land and soil parameters and arrays for 

2D flux calculation 

Initialize topography-related arrays 

Initialize look-up table related to soil type and 

vegetation type 

Convert the absolute time to calendar day time 

Compute Julian day from year, month, and day 

 

Vertical Land-Atmosphere Interactions 

It calculates surface momentum, 

heat, CO2, evapotranspiration, 

interception, as well as soil wetness.  

Lateral runoff simulation 

(1) Runoff generation from grid-hisllopes, 

including surface, subsurface, and 

groundwater aquifer. 

(2) River routing using 1-D Kinematic wave. 

t=t+∆t 

Last step 

NO 

YES 

Output Rive discharge, heat flux … 

 

End of entire model time integration. The 

program stops. Close opened files 

 

t=0 

Start model simulation 


