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MANAGEMENT OF LARGE-SCALE FLOODS BY RESERVOIRS

Total rainfall observed in floods in July, 2018 (West Japan Floods)

Typhoon Hagibis(2019, JMA)

Reservoirs that conducted ESGRO during 
Typhoon Hagibis hit in 2019

Wide Inundation in Takahashi River 
basin (Source: Japan MLIT)

Å Occurrence of extreme floods getting more frequently and widely
Å Needs for enhanced capability of flood control by reservoirs
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PRELIMINARY RELEASE OPERATION 
Preliminary release(pre-release, PR) operation for enhancement of flood management

Keeping water level as high as possible, at the same time as safely decreasing water level in advance 
of flood events so as to secure storage capacity for flood control (enables integrated management)

Normal period Before a flood event After the flood event

Consideration of hydrological prediction is important.

Prediction of 
flood occurrence

Storing 
flood water
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ISSUES IN PRELIMINARY RELEASE OPERATION
Å Prediction uncertainty

Å Secure drawdown and water recovery

Å Compensationfor insufficient water recovery in case of false alarm

Å Small discharge capacity for PR

Å Insufficient PR when short-range prediction considered

Lower Outletfor 
Flood Control

Outlet for Water Supply 
or Power Generation

Outlet for Water Supply 
or Power Generation

No Lower Outlet
for Flood Control

Multi-purpose Reservoirs Reservoirs Dedicated for Water 
Supply or Power Generation
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LONG-RANGE ENSEMBLE RAINFALL FORECAST
Å Long-range (medium-range) ensemble forecast

Å Prediction with lead time of one week to a half month

Å Multiple possible prediction scenarios which contributes to better 
uncertainty handling and robust decision making

Ensemble Typhoon Track Forecast (JMA) Medium-Range Ensemble Forecast (ECMWF)



ICOLD & CFBR Symposium 
Sharing water: Multi-purpose of reservoirs and innovations
tŀǊǘŀƎŜǊ ƭΩŜŀǳ Υ aǳƭǘƛ-usages des réservoirs et innovations

May 30th , 2022

STUDY OBJECTIVE
Å Consideration of long-range operational ensemble rainfall forecastin PR 

operation of reservoirs

Å Developmentof an effective method to conduct PR from hydropower dam 
reservoirs (please see the contribution by Kido et al. in the symposium 
proceedings for application to PR operation by multi-purpose reservoirs)

Å Assessment on the effectiveness of the proposed approach over other PR 
methods for a hydropower dam reservoir
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ENSEMBLE RAINFALL FORECAST

Japan 

Sea

Å ECMWF Medium-range Ensemble Rainfall Forecast for the coming 15 days

Å Advantage in spatial and temporal resolutions as well as its long forecast range

Å Further refined by JWA using BC and DS algorithms (called JWA Ensemble Forecast)

Items ECMWF15-Day 
Ensemble (Original)

JWA Ensemble
(After BC and DS) 

ForecastRange 360 hours (15 days) 360 hours (15 days)

SpatialCoverage Global Japan Area

Spatial Resolution 0.25 degrees grid 1 km

TemporalResolution 3 hours (until 144 hours ahead)

6 hours (after 145 hours ahead)

3 hours (until 144 hours ahead)

6 hours (after 145 hours ahead)

Frequency of Prediction Twicea day Once aday

Number of Members 51 51
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JWA ENSEMBLE RAINFALL FORECAST

Å Derived from ECMWF Medium-range Forecast using a post-processing method 
developed by JWA

Å Correction of model bias (frequency bias)to remove systematic errors

Å Downscaling from 25km grid to 1km by use of statistical downscaling based on 
the constructed analogues method (Hidalgo et al., 2008) 

Original After post-processing

Reservoir Catchment

Analysis

Reservoir Catchment
Reservoir Catchment

ECMWF original JWAEnsembleForecast Analysis
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ESTIMATION OF ENSEMBLE INFLOW PREDICTION

Hydro-BEAM(Hydrological River Basin Environment Assessment Model)

Run-off routing of river basin Structure of each mesh cell

Impermeable 
layer

B layer

Clayer

A layer

surfacerunoff

precipitation

infiltration

runoff of B/Clayer

sub surfacerunoff

Layer A

Layer B

Layer C

Å A cell grid type rainfall-runoff model developed by Kojiriet al.(1998)
Å Each mesh cell consists of one river channel and two slopesinterposing the river
Å Each slope has three vertical layers named Layers A, B and C from the top
Å Kinematic wave model for Layer A and surface flow
Å Storage function model for Layers B and C
Å Squared mesh of 1km by 1km, calculated with time resolution of 10 min
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Predicted Inflow Rate
by 3rd Greatest Member 

Predicted Inflow Volume 
by Mean Values of 
1st - 5th Smallest Member 

Ensemble Mean

Ensemble Mean

DECISION MAKING METHOD FOR PR 
ÅPR is initiated based on an ensemble member 

with the third greatest value of the 
maximum inflow ratepredicted.

ÅThe amount to release water is determined by 
ensemble members with 5 smallest values of 
total inflow volume predicted.

Reducing the number of misses 
to conduct PR before large floods

Securing water storage recovery 
after floods

FloodInflow Rate
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TARGETRESERVOIR
Hypothetical reservoir whose hydrological data are derived from 
Shin-NariwagawaDam Reservoir, Takahashi River basin

EffectiveStorage Capacity 80.5 MCM

Catchment Area 625 km2

FloodInflow 800 m3/s

Max. Release Rate for 
Power Generation

400 m3/s

Flood Control Rule Delayed Release HIWA


