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Global Flood Events
(1985-2006)

Global Drought 
(September 2010)

Damage by Natural Disasters
around the World in Last 28 Years
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Land Surface Models Distributed Hydrological Models

Representative

Merit

Well formulate 1-D 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

SiB2 GBHM

and respiration. Groundwater dynamics.

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



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

Wang, 2007, PhD thesis

Slope length 
and angle are 
preprocessed 
from fine DEM

Sub-grid Scheme



Simplification of a big model grid to a 
long hillslope element

Incorporating sub-grid topography, but with high efficiency

(b) Hillslope element with one 
virtual stream (length = SL).

(a) Big grid with DEM-derived 
streams (total length = SL).

Applicability of WEB-DHM to large river basins.



(a) SiB2 (b) WEB-DHM

Improvements of WEB-DHM over SiB2

improve

Rawls et al.(1992), Braun and Schadler (2005)
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Precipitation

D1: Surface wetnessAgatsuma Basin

SiB2Both with sub-
grid topography

WEB-DHM

WEB-DHM

D2: Root zone wetness
WEB-DHM

DGL

WEB-DHM

D3: Deep soil wetness

DGL

Basin-averaged 
model outputs



SiB2

Comparison of daily streamflows at Murakami

both considering sub-grid topography

SiB2

WEB-DHM



WEB-DHM is a solution for flood and drought
Other surface meteorological inputs Precipitation

WEB-DHM with Energy 
Budget

Meteorological drought

Better initial conditions

Physical ET estimation

Improved soil moisture simulation

Agricultural drought

Quantitative GW

Improved Flood 
Simulation

Reliable discharge simulation Hydrological drought

Quantitative 
Drought 

Identification

GW

Accurate base 
flow simulation



Little Washita Basin, USA

Area: 621 km2

Hourly simulation with 500 m grid size
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 BIAS = -0.6%          Nash = 0.956

Surface soil moisture
Discharge 
Calibration
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The upper Tone River Basin, Japan

2001-2004

Daytime LST

Nighttime LST

Simulated LST
Daytime    nighttime

MODIS LST



(a) Murakami (b) Yakatabara      (c) Iwamoto          (d) Maebashi
2001

(1)

2001

Hourly Annual Largest Flood Peak

2001

(2)

2002

2003

2004



Japan-China cooperative JICA Project: 
Technical support in China

41 engineers from China Institute of Water Resources and Hydropower 
Research, China Meteorological Administration and its provincial branches, 
Institute of Tibetan Plateau/CAS, & Nanjing University



Basin-averaged Rain
Time-series

The 0-36h real-time flood forecasting, Nanpan River

Basin-averaged Rain
Accumulated

0-36h Rainfall
WRF noVAR

VAR-onlyGPS VAR-onlyRAD VAR-onlySFC

Obs VAR-full

mm mm mm

VAR-noGPS VAR-noRAD VAR-noSFC

Basin-outlet Discharge



Drought study in Pampangga River Basin, Philippines

ENSO influence

Rainfall

Discharge

Standardized Anomaly Index

El Niño (red)

La Niña (blue)

Discharge

Surface Soil Moisture

Root-zone Soil MoistureRoot-zone Soil Moisture

Groundwater Level



runoffGW 
level

Hydrological

Drought identification, Pampangga River Basin, Philippines

Standardized Anomaly Index (SA)
Rainfall

Drought-prone areas 
(Aug 1998)
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WEB-DHM coupled with SCE for improved reservoir 
operation in Red River Basin, Vietnam

Add a reservoir module Couple with SCE for optimization



The Red River Basin, Vietnam

Discharge

Water level



Lead-time dam operation system
The Red River Basin: 160,000 km2
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Lead-time optimization: JMA-
GPV forecasts

Operation: the corrected 
GSMaP rainfall with gauge data

Flood Control (FC)／Water Use 

2005

Flood Control (FC)／Water Use 
(WU) can be changed:
w1 : w2 ＝FC：WU



Soil Temperature
Point-scale frozen dynamics

Frozen Soil 
Parameterization in 

WEB-DHM

No frozen

frozen

Streamflows 

Soil Temperature

Soil moisture profile

frozen

(Binggou watershed/CAS)

& modifications for 
soil hydraulic and 
thermal properties

Soil moisture profile

DY site (4147m)



Improving the snow physics of WEB-DHM
A three-layer snow model is added

(WEB-DHM-S)
Snow Water 
Equivalent

site1

Snowmelt Runoff

site1

site2

Snowmelt Runoff
site1

site2



Thank you for your attention!

Lei Wang (wang@hydra.t.u-tokyo.ac.jp)


