


The Climate Forecast Applications Project CFAB
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» Bangladesh at confluence of Brahmaputra and Ganges Rivers
= Limited warning of upstream river discharges
CFAB’s GOAL.: Provide operational upper catchment flood-stage discharge
and precipitation forecasts at differing time-scales
=> Utilize good quality daily border discharge measurements




Overview:

Short-term flood forecasting

N
1. Operational ECMWF ensemble precipitation forecast adjustments

2. Multi-Model Ensemble Discharge Forecasting: Combining
Catchment-averaged and Distributed Modeling Techniques

2. “Dressing” Precipitation-derived Discharge Ensembles with
Model Error Estimates: “Truer” Discharge Probabilities



ECMWE Ensemble Precipitation Forecast Adjustments --

mapping forecasts from “model-" to “observational-"space

Brahmaputra Catchment-avg Forecasts
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Quantile to Quantile Mapping
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Rank Histogram Comparisons

Original Adjusted

Brahmaputra Basin ECWMF Precipitation Rank Histogram Brahmaputra Basin ECWMEF Precipitation Rank Histogram
Rank of merged-GPCP/CMORPH/Raingage Obs Relative to Ensembles Rank of merged-GPCP/CMORPH/Raingage Obs Relative to Ensembles
1-6 day Ensemble Forecasts, May 1 - Oct 31, 2004 1-6 day Rescaled Ensemble Forecasts, May 1 - Oct 31, 2004
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ECMWE Ensemble Precipitation Forecast Adjustments --

mapping forecasts from “model-"’ to “observational-""space

Brahmaputra Adjusted Forecasts -Benefits:
Forecasts initialized January 1 - November 27, 2004 .__Grldded “rea“s“c” forecast Values
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Discharge Multi-Model-Ensemble

Krishnamurti (2001): combining (via regression)
multiple NWP model outputs significantly improves
weather forecasts == apply to 2 discharge models to
generate ‘multi-model-ensemble’ discharge forecasts

Data-Based Modeling (Beven, 2002)
-- Linear Store / Linear Transfer#unction Approach.
 Benefits: recalibrate to specific conditions => ;
maximizes data-assimilation (discharge measurements)
» Drawbacks: basin lumped model; limited slow time-scale response

Distributed Model (Sacramento Model derivative)

-- Subcatchment gridded 2 soil-layer model

» Benefits: ET/solil-storage/water-balance explicitly modeled locally
» Drawbacks: Model recalibration and data-assimilation inflexible




Discharge Multi-Model Forecast

Multi-Model-Ensemble Approach:

e Rank models based on historic residual error using
current model calibration and “observed” precipitation

*Regress models’ historic digcharges to minimize historic
residuals with observed discharge

*To avoid over-calibration, evaluate resultant residuals
using Akaike Information Criteria (AlC)

If AIC minimized, use regression coefficients to generate
“multi-model” forecast; otherwise use highest-ranked
model => “win-win” situation!



Q[10M m*k]

8

O (g T T

Q[10°3 mi)]

=]

O [T AT T

Q[10° mi)

Model Com

arisons for the Ganges

TEFM Ganges Discharge Forecasts
1-6 day using ECMWFE Precipitation Forecasts
June 15 - October 15, 2003
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Multi-Model Ensemble
Regression Coefficients

Super-Ensemble Discharge Forecast Coefficients
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Multi-Model Ensemble Forecasts

Super-Ensemble Ganges Discharge Forecasts
Resu ItS . 1-6 day using ECMWE Precipitation Forecasts
. June 15 - October 15, 2003

__ShOW i m p rove m e nts Olfscmd Q (bl.lzx:k), ll—day Pl“orccz.slt (colors) Ol::scrvcn?l Q [bl.lz.ck), Q:—d ay l-l“'orc,cz.s:‘t (color=)

--compromise between timing (distributed) . - o m/\
with amplitude (lumped) - 2 uf
=> use of different error measure in al al '

selection process R TR e e w e e e e m W s

Obzserved Q (black), 2-day Forcoast (colors) Obzerved Q (black), 4-day Forcoast (colors)

Future: = .=l
-- structure allows incorporating other 2 £ =
models

1 1 L 1 L 1 1 L 1 L
o 20 40 =] a0 oo 120 o =20 40 =] a0 100 120

-- KNN technique to select based on CE g TR R g e
current precipitation/discharge conditions «f .. SRS

¥y 8 8 8 & o
JO T TP
R T

Q10°3 m"34)
Q10°3 m"3]

=

o o
¥
=

o O




Combining Precipitation (Ensemble)
Probability with Model Error:
Forecasting “Truer” Discharge Probabillities
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Model Errors on Final Probabilistic Discharges

Super-Ensemble Brahmaputra Discharge Forecasts
1-6 day using ECMWTF Precipitation Forecasts
Forecasts Initialized June 15 - October 10, 2004
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Step 1. generate model error PDF
(discharge model/rating curve/observed precipitation)
= historically generate residual time series for each day’s re-calibrated
hydrologic model (multi-model) using “observed” precipitation
» use K-Nearest-Neighbor (KNN) technique to select
“nearest-neighbor” residuals (selection: values/slope/curvature)
= use Mahalanobis Distance to weight and create model-error PDF

weighted KNN PDF
1009— Residuals forgcast )
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=>
AR
SV W
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-1000



Combining “Model” with Precipitation Error

Step 2. generate

precipitation-ensemble-
generated discharge PDF

Step 3: combine model error

PDF with the above to generate

a “new-and-improved” more
complete PDF for forecasting:

17 Probability
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(L ,
Qp [MPs] 50,000
Result
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2003 Brahmaputra Flood Probability @ 2003 Ganges Flood Probability

June 15 - October 15, 2003 June 15 - October 15, 2003
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2003 Danger Level Probabilities

Brahmaputra Distributed 5-G Danger Level Probabilities Ganges Distributed 5-G Danger Level Probabilities
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2004 Danger Level Probabilities

Brahmaputra 7-10 day Forecasts
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conclusions

® Forecasts show good skill out to 7-10 days for the Ganges and Brahmaputra
rivers

® 2003: Daily operational probabilistic discharge forecasts “experimentally”
disseminated u

-- Multi-model approach implemented
-- Hydrologic model error corrections

=3 2004
-- Precipitation forecast corrections operational
-- Forecasts fully-automated
-- Forecasts incorporated into Bangladesh flood warning program
-- CFAB became an institutionalized entity of the Bangladesh federal government

m  2005: Dutch / USAID (local) / CARE
-- five year funding commitment



- .'r:'.lrl'.
i 1._‘_'. 5 I ;
. 2 e

= --'!‘“

g




