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Current Flood Damage and Their CausesCurrent Flood Damage and Their Causes

Flash Flood DamageUrban Flood Damage 

Short  Forecasting Lead TimesAbnormal Weather & Climate Change



Abnormal Weather & Climate Change ImpactsAbnormal Weather & Climate Change Impacts
Flood vulnerability analysis, structural and  nonstructural 
adaptation measures 

Short Forecast Lead TimeShort Forecast Lead Time
Use of numerical weather forecast information for real-time 
short-term flood forecast

Urban Flood Damage ReductionUrban Flood Damage Reduction
Development of the coupled radar rainfall and urban flooding
modeling system

Flash Flood Damage ReductionFlash Flood Damage Reduction
In addition to classical forecasting system, 
develop a new flood forecasting model system

Improvement of the Existing Forecasting ModelsImprovement of the Existing Forecasting Models
Develop a state space form of stochastic dynamic Kalman
filtering model for real-time prediction and updating system

FFSFFS
– Hydrologic and Meteorologic Observation System

– Watershed and River Modeling System

FFC Organization Flood Forecasting and Warning Process

Flood Control OfficeFlood Control Office

Current Flood Forecasting System ( FFS )Current Flood Forecasting System ( FFS )

Minister of Ministry of
Construction & Transportation

Flood Control Office
• To estimate possible outflow by

divided basin areas
• Flood forecast
• Announcement and cancellation

of flood forecast

Central Disaster Prevention and 
Safely Countermeasures 

Headquarters

Announcement to Public
(Broadcast or newspaper)

Related Agencies

Regional Disaster Prevention and 
Safely Countermeasures 

Headquarters

Residents in the Regions

Administrator of Dam
• To make plans for
releasing water from
dam

• To start releasing
water

Telemetering
Observation Station

• Monitoring Stations
for water level and
rainfall

• Water level of dam
and volume of release

Notification of plans for 
releasing water from dam

Notification of
flood-forecasting 
announcement

Notification of 
results

Approval for 
releasing water 
from dam

Request of approval for 
releasing water from dam

Report of results



FFS Observation NetworksFFS Observation Networks

Stage station
Dam site

LEGEND

Raingage station

Basin
Area
(km2)

%
Raingage

No.
Stage
No.

Han R. 26,018 26.1 153 96

Nakdong R. 23,817 23.9 165 140

Geum R 9,810 9.9 99 100

Young. & 
Seom.R

3,371 4.9 81 92

Total 63,016 68,2 498 302

※ Up to  2006

Watersheds and River Routing ModelsWatersheds and River Routing Models
– Watershed Routing

• Storage function method 

– River Routing
• Storage function method

• Kinematic Wave method

• Muskingum method

• DWOPER

• Difficult to find unique parameter set
• Require experts for operational use
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Numerical weather prediction at KMA/MOSTNumerical weather prediction at KMA/MOST
– GDAPS for 110×110 and 220×220km

– RDAPS for 30×30km (5-km res. Test)

– GTS network for global observations of on-site and RS data

– Short-term(48 hrs), weekly(48hr-7days), long-term (monthly, seasonal, 
bi-annual) weather forecast information are provided

Use of Numerical Weather Forecast forUse of Numerical Weather Forecast for
RealReal--Time Flood ForecastingTime Flood Forecasting

Activity IActivity I

RDAPS 48 hours forecastRDAPS 48 hours forecast
– Until 12 hours: underestimate due to spinup time 
– 24~48 hours: overestimate
– 12~24 hours: most accurate

bias score: 0.8~0.9     threat score: 0.4
accuracy: 0.8               rmse: 2 mm/12hr

+ 12 hours+ 24 hours+ 36 hours+ 48 hoursObs.

GDAPS 10 days forecastGDAPS 10 days forecast
– Threat score: 0.7 until 3 days 

Han Basin

Nak Basin

Seomjin
Basin

Youngsin
Basin

Geum
Basin

July Threat score

Evaluation of Weather Forecast AccuracyEvaluation of Weather Forecast Accuracy



RDAPS numerical weather forecast RDAPS numerical weather forecast (data : 2003.7.18.00(data : 2003.7.18.00--07.24.12)07.24.12)

Forecast time : 21hr

Forecast time : 30hr

Ensemble Combine Approach

- Need to increase the spatial resolution from 30 km to 5km
- Increase the numerical weather forecasting accuracy and develop
some adjustment techniques

- Use of weather radar and satellite data for flood management

0.5hr forecast

1hr forecast

2hr forecast

Nowcast
ObjectivesObjectives

MethodMethod
– Consists of four processes: Meteorological Forecasting Process,

Hydrologic Observation Process, Hydrologic Modeling Process,
and Urban Flood forecasting & Waning Process  

– To develop radar rainfall and forecasting system
for Jung-rang urban watershed

Major outcomesMajor outcomes

– To estimate and forecast real-time radar-driven rainfalls
– To provide algorithms for real-time flood forecast

Development of Radar Rainfall & Flood Development of Radar Rainfall & Flood 
Forecasting System for Urban WatershedsForecasting System for Urban WatershedsActivity IIActivity II



NowcastNowcast and shortand short--term forecast with radar dataterm forecast with radar data
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Radar operation and signal data 
process (KMA)

Hydrologic Modeling Process 

Incorrect radar data treatment
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POD frequency analysis 

Beam blockage remove

Ground Clutter remove

Quantitative Precipitation Estimation(QPE) 

Marshall-Palmer Z-R Eq. 

Window Probability Matching Method

Least-Square Fitting Method

Translation Model VSRF from KMA

Real-time radar rainfall bias adjustment

Real-time data 
relation system 

(planning)

Bias adjustment method application 

Real-time stochastic bias adjustment

method application

Quantitative Precipitation 
Forecast (QPF) 

SWMM model

HEC-HMS

Distributed hydrological Model
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WPMM Radar Rainfall
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CASE I: M&P Radar Rainfall
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flow simulation



RealReal--time stochastic bias adjustment and forecasting algorithmtime stochastic bias adjustment and forecasting algorithm

Adaptive ErrorAdaptive Error
ParameterParameter
AlgorithmAlgorithm

Stochastic logarithmic bias
model

Kalman Filter for log-bias
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WSRWSR--88D Precipitation88D Precipitation
AdjustmentAdjustment
AlgorithmAlgorithm

Process model of the mean-
field bias
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Maximum LikelihoodMaximum Likelihood
AutoregressiveAutoregressive

AlgorithmAlgorithm

First-order autoregressive
process
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Stochastic dynamic flood forecasting modelStochastic dynamic flood forecasting model
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Development of State Space Form of Development of State Space Form of 
Stochastic Dynamic Flood Forecasting  ModelStochastic Dynamic Flood Forecasting  ModelActivity IIIActivity III



Prediction and updating processesPrediction and updating processes
– Prediction  step 
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Developed model applicationDeveloped model application

– Selected watershed: Nakdong river basins 

Whechen

Andongdam

Imhadam

Basin
Flood 
event

Parameters

K p Tl f1 Rsa

Whechen
1983 ~ 
1986

37.00 0.437 2.73 0.035 18.616

Andongdam
1998 ~ 
2003

37.08 0.411 3.44 0.461 112.76

Imhadam
1998 ~ 
2003

40.32 0.412 2.00 0.394 107.70

– Estimated parameters 

– Whechen

1985. 8. 9-12 1986. 7.24-26



Flood Prediction (FP) and Flash Flood Guidance (FFG)Flood Prediction (FP) and Flash Flood Guidance (FFG)

RainfallRainfall FFGFFG

Soil Moisture Accounting ModelSoil Moisture Accounting Model

Excess RainfallExcess Rainfall

Routing ModelRouting Model

Flood StageFlood Stage

Threshold RunoffThreshold Runoff

Unit HydrographUnit Hydrograph

QQpeakpeak

>>BankfullBankfull

Peak FlowPeak Flow

SAC, TOPSAC, TOP

Development of Flash Flood Guidance SystemDevelopment of Flash Flood Guidance System
in Koreain KoreaActivity IVActivity IV

FFG is the amount of rainfall 

needed in a specified period
of time to initiate flooding
on small streams

FFG is computed for 1-,

3-, and 6-hour durations

optionally for 12-, 24-

hour durations

What is FFG ?What is FFG ?

Forecast Lead Time ?Forecast Lead Time ?



Component of FFG systemComponent of FFG system

Hydrologic ComponentsHydrologic Components

FFG ComputationFFG Computation

MeteorologicalMeteorological
ComponentsComponents

MM5

Observed

Satellite

Radar

• Manning’s Bankfull Discharge

• Two Years Return Period Flow 

• Snyder’s Synthetic Unit Hydrograph

• GIUH

• Sacramento SMA Model

• Mesoscale TOPMODEL

• VIC Model

Flash Flood
Watching

& 
Warning

Threshold Runoff

Estimation of Soil Moisture

Estimation of gridEstimation of grid--based FFGbased FFG

THRESHOLD RUNOFF: Runoff needed
to raise water level to bankfull stage

Current Water Level

Bankfull Stage

THRESHOLD RUNOFF: Runoff needed
to raise water level to bankfull stage

Current Water Level

Bankfull Stage

Rainfall
( mm/∆t )

Current Time

Runoff
( mm/∆t )

t

Rainfall-Runoff
Relationship

Rainfall

FFG
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Rainfall-Runoff
Relationship

Rainfall

FFG
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Compare between FFG
and forecasted rainfall

Rainfall Forecast

Flash Flood
Watching &

Warning

Compare between FFG
and forecasted rainfall

Rainfall ForecastRainfall Forecast

Flash Flood
Watching &

Warning

Threshold Runoff Soil Moisture



The development of a forecasting system such as Flash The development of a forecasting system such as Flash 
Flood Guidance (FFG) is essential for mitigation of flood Flood Guidance (FFG) is essential for mitigation of flood 
disasterdisaster

Radar Rainfall Flash Flood Guidance Forecast Rainfall Flash Flood Threat

– Need to develop FFG system considering man-made
channel and urban drainage network 

– Need to increase accuracy of flash flood forecast 

– Need to combined technology among mesoscale forecast,
radar and satellite information

Definition of flood vulnerabilityDefinition of flood vulnerability

Flood control capacity of dam (106 ton)DFC

drainage pump capacity (ton/min.)PUMP

Channel improvement (%)CI

Adaptation

Density of assets (won/m2) ASA

Bain population density (inhabitants/km2)   POP

Mean basin elevation (m)ELEV

Exposure

Frequency of discharge exceeding long-term 90th percentileFN90

Maximum daily discharge each yearMDF

Maximum precipitation of sum  for 1-day interval each yearPX1D

A number of days precipitation ≥ 80mm/dayPN80

Sensitivity

DescriptionProxy variablesIndex

Flood vulnerability proxy variablesFlood vulnerability proxy variables

Flood Vulnerability Analysis for ObtainingFlood Vulnerability Analysis for Obtaining
Reasonable Adaptation MeasuresReasonable Adaptation MeasuresActivity VActivity V



Sensitivity proxy variables on current Sensitivity proxy variables on current 
climate conditionclimate condition

Flood Vulnerability vs. Flood DamageFlood Vulnerability vs. Flood Damage((＇＇7171-- ＇＇00)00)



Centralized Data System

General Circulation Model

DHM

DataData
AssimilationAssimilation

Improved Improved 
Initial Initial 

ConditionCondition

Regional/Meso Model

SocioSocio--Economic  DataEconomic  Data

Improved Improved 
PredictionPrediction

GEOSS/AWCI Downscaling ProcessGEOSS/AWCI Downscaling Process

DataData
AssimilationAssimilation

Satellite data

In-situ data

Improved predictionImproved prediction

Flood Peak Reduction
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Summary and Future DirectionsSummary and Future Directions

Summary and Future DirectionsSummary and Future Directions

Centralized Data System

General Circulation Model

DHM

DataData
AssimilationAssimilation

Improved Improved 
Initial Initial 

ConditionCondition

Regional/Meso Model

SocioSocio--Economic  DataEconomic  Data

Improved Improved 
PredictionPrediction

GEOSS/AWCI Downscaling ProcessGEOSS/AWCI Downscaling Process
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Satellite data
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Use of Use of NumericalNumerical
Weather ForecastWeather Forecast
for Realfor Real--Time FloodTime Flood
ForecastingForecasting

Activity IActivity I

Development of Development of RadarRadar
RainfallRainfall & Flood Forecasting& Flood Forecasting
System for Urban WatershedsSystem for Urban Watersheds

Activity IIActivity II

Development of State
Space Form of
Stochastic Dynamic
Flood Forecasting  Model

Activity IIIActivity III

Development ofDevelopment of
Flash Flood GuidanceFlash Flood Guidance
SystemSystem in Koreain Korea

Activity IVActivity IV

Flood Vulnerability AnalysisFlood Vulnerability Analysis
for Obtaining Reasonablefor Obtaining Reasonable
Adaptation MeasuresAdaptation Measures

Activity VActivity V



Thank you for your attentionThank you for your attention


