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Editorial Notes

The summary of presentations were either prepared by the
presenters and edited, or prepared by Editor and reviewed
by respective authors. All other material has been prepared
by the Editor. The question and answer at the end of each
presentation, Co-Chairs’ remarks, and Panel and open
discussions have been developed based on the audio

recording of the whole proceedings.
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Executive Summary

The Expert Consultation Workshop was organized® during February 18-19, 2016 in Patna,
Bihar State to review the activities under the World Bank assisted Bihar Kosi Flood
Recovery Project (BKFRP) as well as to look at two downstream projects into which
BKFRP would transition. The workshop was designed with participation by key decision
makers in Water Resources Department, representatives from other flood-prone states,
Central government agencies, and academia. The workshop helped share knowledge on
the BKFRP activities and invited expert consultation to help strengthen flood risk
management in the State. A special session on Flood Forecasting and Early Warning was
organized as part of the workshop by South Asia Water Initiative (SAWI) Trust Fund,
which is launching a Technical Assistance project to improve flood to strengthen flood
modeling capacity in Bihar State.

The Inaugural session was addressed by Sri Bijendra Prasad Yadav, Honorable Minister,
Energy and Commercial Taxes Department, and past Minister of Water Resources
Department; Sri Rajiv Ranjan Singh, Honorable Minister, Water Resources Department;
Mr. Arun Kumar Singh, Principal Secretary, WRD; and Dr. Deepak Prasad, Principal
Secretary, Planning and Development Department cum Management Director, . Er. Indu
Bhushan Kumar, Chief Engineer, P&M Water Resources Department welcomed the
dignitaries, experts and participants and introduced the theme of the workshop. Mr.
Gajanan Mishra, Joint Secretary, WRD, Bihar described the long history of Kosi river
management. Dr. Satya Priya of World Bank highlighted the several ongoing and
upcoming events in Bihar with the assistance of World Bank

The four technical sessions covered: I. Flood Forecasting and Early Warning, 1l. River
and Sediment Management, I1l. Knowledge Management and IV. Upcoming Projects.
Each session had multiple presentations, questions and answers at the end of each
presentation, and Panel Discussion at the end of first technical session and at the end of
second day technical sessions. The Concluding Session included wrap-up of Workshop
proceedings, Way Forward and Vote of Thanks.

This report covers the proceedings of the Expert Consultation Workshop. The report, in
addition to sections on the Inaugural Session and the Concluding Session, has separate
sections covering each Technical Session, providing the summary of presentation and the
issues discussed after the presentation. The major take-aways are also presented at the
end of each section. The panel discussion at the end of Technical Session | and open
discussion at the end of Technical Session IV are covered in the respective sections.

! Organized by Bihar Aapda Punarwas Evam Punarnirman Society (BAPEPS) and Water Resources Department, Bihar
in collaboration with the World Bank
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Technical Session I: Flood Forecasting and Early Warning

This session included eight invited presentations and a Panel Discussion at the end. The
presentations covered research to operational models in other flood-prone regions and
provided insights to various modeling approaches and outcomes. Invited experts from
India and abroad provided access to best practices in select areas. The panel discussion at
the end covered model validation in data-sparse areas, crowd-sourcing to collect needed
inundation data, issues relating to procuring data from Central Water Commission, and
model performance assessment against event-based thresholds.

An important recommendation from the workshop is the use of non-proprietary and
license-free flood forecasting and inundation mapping software for cost-effective and
rapid scaling up of models to river basins in Bihar and elsewhere. It is also essential to
organize up-front the critical data needed for modeling- historical rainfall and river flow
data, river cross-sections, and flood plain DEM, while operational run of model would
require assured access to timely meteorological and hydrological data. Arrangements
need to be in place for upgrading the model input data including hydrologic and hydraulic
data and model setup. Longer lead time would require short-to-medium range ensemble
meteorological forecast and real-time data from upstream gauge sites. Ensemble rainfall
forecasts and satellite based rainfall estimates are increasingly used in lieu of single
source values to improve reliability. Synergy with flood models and outputs being
developed/ operated by national and regional agencies in upstream trans-boundary basins
would improve forecasts downstream basins in India. Effective early warning can be
facilitated by the use of Call Data Records, to send flood alerts to likely affected
communities and to track people movement in the area for targeted emergency flood
management. Sustainable flood management program would call for development of a
cadre of flood modelers with assured career path and incentives, continued skill
upgrading, and institutional support.

Technical Session 11: River and Sediment Management

The session included four presentations. The analysis of river morphological changes in
Kosi system shall be extended to other basins in Bihar, to predict annual changes in
embankment vulnerability, embayment between spurs, and the identification of active
channel for effective and timely strengthening of flood protection works. The satellite
based model shall be complemented by the 1D & 2D Hydrodynamic and 1D Sediment
Transport Models set up under the Master Plan consultancy. The Master Plan for River
and Sediment management would provide the framework for taking up short-term and
long term activities within the integrated river management action program. The
Embankment Asset Management System supports rational management of these
expensive assets and prolongs operational services and useful life. This should be
extended to other basins in Bihar.  Community participation for embankment
surveillance shall be promoted and expended to other river basins, to pride a sense of
ownership and involvement by the likely -affected communities.
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Technical Session I111: Knowledge Management

The session included two presentations. Structured knowledge base such as the Ganga
Flood Risk Atlas and multi-theme GIS data sets of Bihar State effectively support the
entire life-cycle of flood risk management, from planning to preparedness to flood relief,
rehabilitation and reconstruction. The knowledge bases obviously need to be kept updated
with new and better information through the years, and intensified in multiple levels for
varying applications. Linkage with other national and State level databases shall be
encouraged.

Technical Session 1V: Upcoming Projects

The session included two presentations on downstream projects. Similar activities in
these projects would need to be formulated taking note of the observations, insights and
recommendations arising from this workshop. Standard templates are needed for
cost-effective and rapid customizing of flood forecasting and early warning system, Real
Time Data Acquisition System, Embankment Asset Management System and community
participation, river morphological prediction, and Centre of Excellence in Modeling in
basins in Bihar and other States.

Concluding Session
The wrap-up briefly described the proceedings of the inaugural session and four technical

sessions covering 16 presentations by invited experts, while the Way Forward identified
the key expert consultations and recommendations for way forward.



l. Introduction

1.1 Bihar is India’s most flood-prone state, with 76 percent of the total population
living under a recurring threat of floods. The state recorded the highest number of floods
in India during the last 30 years. On August 18, 2008, the Kosi eastern embankment
breached at 11 km upstream of the Kosi barrage in Nepal. The floods had a devastating
impact on people and their livelihood. More than 500 people lost their lives, valuable
agricultural land was damaged due to silting, and standing crops were destroyed. Massive
damage occurred to housing and infrastructure including rural roads, culverts and bridges,
especially in the five most affected districts of Supaul, Saharsa, Madhepura, Araria and
Purnea. The World Bank assisted Bihar Kosi Flood Recovery Project (BKFRP) was
designed to provide timely and focused support to Bihar’s reconstruction efforts in the
short term while further developing a comprehensive program of support for the state in
the longer term. A critical component in the project focuses on strengthening the overall
flood forecasting and flood and erosion management capacity in Bihar by enhancing the
knowledge, understanding, and capacity for flood and sediment management. This will be
achieved by implementing both structural and non-structural measures, mainly focusing
on the Kosi River Basin, but with several activities benefiting flood management in the
state as a whole. There are three sub-components: (i) knowledge management and
capacity building; (ii) flood forecasting and early warning systems; and (iii) structural
investments.

1.2 A series of activities to strengthen flood management and flood and erosion
management capacity in the State have been conducted such as developing a
comprehensive Embankment Asset Management System (EAMS) for Kosi basin,
developing a Master Plan for flood and sediment management in the basin, Kosi river
behavioral analysis and Community Participation in Embankment Surveillance in Kosi
Basin. The Expert Consultation Workshop was organized?® to review these activities as
well as to look at two downstream projects into which BKFRP would transition. The
workshop helped share knowledge on the BKFRP activities and invited expert
consultation to help strengthen flood risk management in the State

1.3 An Inception Workshop and special session on Flood Forecasting and Early
Warning was organized as part of the workshop by South Asia Water Initiative (SAWI)
Trust Fund (TF), which is launching a Technical Assistance (TA) project to improve flood
to strengthen flood modeling capacity in Bihar State. The workshop was designed for two
full days with participation by key decision makers in Water Resources Department,
representatives from other flood-prone states, Central government agencies, and
academia. Invited experts from India and abroad provided access to best practices in
select areas. The workshop organizers prepared a list of issues for focused panel
discussion at the end of Technical Session.

2 Organized by Bihar Aapda Punarwas Evam Punarnirman Society (BAPEPS) and Water Resources Department, Bihar
in collaboration with the World Bank



1.4 This report covers the proceedings of the Expert Consultation Workshop. The
report, in addition to covering Inaugural and Concluding Sessions, has separate sections
covering each Technical Session, providing the summary of presentation and the issues
discussed after the presentation. The major observations and insights are also presented at
the end of each section. The panel discussion at the end of Technical Session | and open
discussion at the end of Technical Session IV are covered at the end of respective
sections.



Il. Inaugural Session

2.1 The workshop was initiated by the welcome address and introduction to the theme
of workshop by Er. Indu Bhushan Kumar, Chief Engineer, P&M Water Resources
Department. He explained the origin of river Kosi and described various works being
undertaken under ongoing Bihar Kosi Flood Recovery Project and proposed Bihar Kosi
Basin Development Project. The great achievement by Bihar engineers of Kosi Breach
closure in 2008 within a record time of three months was recalled.

2.2 Mr. Arun Kumar Singh, Principal Secretary, WRD highlighted the different work
being undertaken in the field of flood risk management. He applauded the efforts under
World Bank assistance whereby the issues of flood risk management have been addressed
properly in recent times. He suggested that the knowledge base creation and various
systems may be replicated in other river basins also. He stressed on the need of data
sharing in the Nepal region and apprised the gathering with different upcoming events in
this field. He conveyed that WRD is trying for advancement in irrigation sector also
employing new technology as in other advanced countries.

2.3 Dr. Deepak Prasad, Principal Secretary, Planning and Development Department
cum Project Director BAPEPS, hailed the World Bank assistance which has now begun to
show good impacts of works in the field of Housing, Bridges, Roads, etc. under Bihar
Kosi Flood Recovery project.

2.4 Mr. Gajanan Mishra, Joint Secretary, WRD, Bihar also addressed the gathering,
describing the long history of Kosi river management.

2.5 Sri Bijendra Prasad Yadav, Honorable Minister, Energy and Commercial Taxes
Department, and past Minister of Water Resources Department, in his special remarks
highlighted the ground problems of Kosi basin and said that nature, character and
behavior of river Kosi and other Himalayan rivers should be studied. He suggested work
is needed at micro level with the help of latest technology. He stressed the need for the
Centre of Excellence in Bihar in order to solve water management issues and requested
the Centre to organize a wider international conference on this matter.

2.6 Ininaugural address, Sri Rajiv Ranjan Singh, Honorable Minister, Water Resources
Department, said that the topic of the subject is a challenge in the context of Bihar, where
better water management is required to address both flood and drought problems. He
stressed the need for developing a Flood early warning system, SCADA system and study
of nature and behavior of rivers. He also emphasized the need of establishment of Centre
of Excellence in Bihar which is underway in BKFRP/BKBDP.

2.7 Dr. Satya Priya of World Bank highlighted the several ongoing and upcoming
events in Bihar with the assistance of World Bank and assured of all help from the World
Bank side.



I11. Technical Session I: Flood Forecasting and Early Warning

Co-Chairs: Mr. Gorakh Takur, Member, Ganga Flood Control Commission
Dr. Vivekanad Singh, Head, Civil Engineering Department,
National Institute of Technology, Patna

Session Summary

3.1  The session was initiated with an overview of activities proposed under the SAWI
TF Technical Assistance. Subsequent six presentations covered research-to-operational
models in major flood-prone regions and provided exposure to various modeling
approaches and outcomes. The last presentation addressed various challenges to flood
forecast modeling in north Bihar river basins, and opportunities for innovation. The
speakers were introduced by the Chair, and the Co-Chair summarized the presentations.
The list of Chair, co-chair, and invited experts and their presentations is in Table 1. The
presentations are summarized in the next chapter.

Presentation 1. South Asia Water Initiative (SAWI) Project- Strengthening Flood
Modeling Capacity in Bihar by Dr. Satya Priya, World Bank

3.2  Dr. Satya Priya presented a brief overview of the recently initiated SAWI TF
funded Technical Assistance on Strengthening Flood modeling Capacity in Bihar. The
SAWI project would help transition this activity from the Flood Management
Improvement Support Il project into the downstream projects of Kosi Basin Development
Project (KBDP) and the proposed National Hydrology Project (NHP). The activities are
focused in the flood-prone Bagmati-Adhwara (BA) basin, and supplement the current
Gauge-to-Gauge correlation model of Central Water Commission (CWC) providing flood
forecasts at selected downstream sites, once or more times a day, and up to 24 hours in
advance. Under FMIS Il a flood forecast model based on proprietary software
(NAM/MIKE11) has been developed to provide forecast at to 3 days lead time all along
the river length, and likely inundation maps. The model however is not fully operational,
performance needs to be improved, interfaces need to be more user-friendly, and
inundation mapping to be more automated. A major activity in the SAWI project is the
upgrading of the existing model for better performance and operational use, integrating
satellite based ensemble rainfall estimates and ensemble deterministic and probabilistic
rainfall forecasts, and possibly extending the model up to Bagmati’s confluence with Kosi
river subject to collection of stage-discharge data from temporary network to be
implemented. A parallel activity is to develop a similar model but using a public domain
and license-free software to support subsequent cost-effective upgrading and scaling up to
other river basins. The third activity to support the two models is to develop an automated
meteorological framework customized for BA and Kosi basins, to downscale the
ensemble rainfall estimates and forecasts for basins of this size. Use of Call Data Records
(CDR) is proposed to assist sending the flood alerts to mobile users in the likely affected
area, as well as monitor their movement for targeted emergency flood management.



Capacity building in Water Resources Department is planned through training, workshops,
and Expert visits. Dr. Satya Priya re-iterated the importance of this workshop, to review
flood modeling activities in other flood-prone regions for knowledge sharing on
innovative practices and expert consultation.

3.3 In response to a query from the audience Dr. Satya Priya suggested that extension
of model downstream of Hayaghat would depend on implementation of planned
temporary stage-discharge sites and data collection in the forthcoming flood season. He
proposed operationalizing the improved existing model, and continuing upgrades, based
on operational experience in the 2016 flood season and further upgrade when the
meteorological framework is developed for the BA basin. A question was raised that
different river domains with different models may be needed since some reaches are
embanked and some only on one side. It was clarified that a suite of models of different
types (including statistical models for the basin area close to confluence with Ganga
River which has sheet flooding from drainage congestion) may be needed to handle
different flow domains.

Presentation 2: Enhancing Hydrological Forecast using Weather Forecast Ensemble
Prediction System by Dr. Dilip Kumar Gautam, RIMES

3.4  Dr. Dilip Kumar Gautam gave a brief overview of Regional Integrated
Multi-hazard Early warning System for Africa and Asia (RIMES) in Thailand. RIMES, an
inter-governmental regional organization supported by UNESCAP, provides support to
National Meteorological and Hydrological Services to develop forecasting systems within
the WMO framework. The application of extended range forecasts (10 days deterministic
forecast, 15 days probabilistic forecast, and monthly and seasonal forecast) were
highlighted. The presentation focused on the medium range ensemble weather forecast
and seasonal forecast products of European Centre for Medium Range Weather
Forecasting (ECMWF), with application in Bangladesh as a case study. Both these
forecast systems use coupled atmospheric-wave-ocean models and are under laid by the
six physical laws. The characteristics of the ECMWF weather forecasts in regard to data
assimilation frequency, spatial resolution, number of ensemble members, area coverage,
forecast range and frequency and whether coupled with ocean model were reviewed. The
European Centre for Medium Range Weather Forecasting (ECMWF) Ensemble
Prediction System (EPS) consists of 51 ensemble forecasts at 15 minutes temporal
resolution, 60 vertical layers, two different numerical representations for horizontal
resolution, and the ‘four dimensional variational data assimilation (4DVAR)’ technique
for generating initial condition. The ensemble forecast accounts for initial uncertainties,
and provides a range of future scenarios consistent with present knowledge of the initial
state and model capability. It provides a complete description of weather prediction in
terms of a Probability Density Function (PDF). The ECMWF forecasts are then
down-scaled and bias corrected using the quantile-to-quantile mapping method. The
weather forecast is then used in two different (lumped and distributed) Rainfall Runoff
models. The two adjusted model outputs are then combined into one ‘multi-model’
probabilistic discharge forecast product. Dr. Gautam presented a case study where
RIMES assisted Flood Forecasting and Warning Centre (FFWC) in Bangladesh to
produce 10 days probabilistic flood forecast and long range (1 to 3 months) seasonal flow
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outlook. He concluded that different ranges of hydrological forecasts could be generated
using ensemble prediction system that could be useful in different flood management
function.

3.5 Dr. Gautam responded to the question on flood forecast accuracy that the accuracy
increased closer to the event. As the lead time increases, the accuracy decreases. Long
range forecast alerts the flood management agencies and the communities of a probable
impending event for closer watch and enables appropriate ground preparedness. It would
be good to evaluate historic forecast performance in Bangladesh to provide greater
confidence in the hydrological forecast system. Dr. Gautam also suggested that forecast
performance should be evaluated for exceedance of event thresholds (crossing warning or
danger levels or high flood level) rather than absolute accuracy in cms of stage or cusecs
of discharge. He clarified that ensemble forecasts have different ensemble members in
forecasts of different weather forecast centres. For example ECMWERF has a 51 member
ensemble while other centres may have different ensemble members. The ensemble
forecasts are generated by perturbing the initial conditions. The ensemble rainfall forecast
generates as many members of ensemble hydrological forecasts.

Presentation 3: GIS based operational flood forecasting for early warning in North
East India by Dr. Diganta Barman, NESAC

3.6  Dr. Diganta Barman of North East Space Applications Centre (NESAC) described
the Flood Early Warning System (FLEWS) system developed in north East India. The
system development was triggered by the heavy floods in 2008, initially focused on
Lakhimpur district in Assam State, and currently covers actionable flood alerts with 12 to
36 hours lead-time at revenue circle level in all flood-prone districts of Assam. The flood
modeling approach combines numerical weather prediction, distributed hydrologic and
hydraulic model, and synoptic weather monitoring supported by in-situ gauge monitoring.
The meteorological component includes daily weather forecast from WRF numerical
weather prediction in NER domain; real time satellite images and products from IMD,
ISRO Kalpana 1, and others; and synoptic weather conditions analysis and Advisory from
IMD, Automatic Weather Stations (AWS) and others. The hydrological component
includes distributed and quasi-distributed and lumped models based on the public domain
HEC- HMS software using WRF forecasts providing stream flow forecast for river
discharge and threshold exceedance and adjusting based on current flood stage from State
and Central gauge network and synoptic weather analysis. The early warning component
consists of SMS, emails and web-publishing for flood events. Dr. Barman mentioned the
under construction/proposed weather radar network at four locations for now-casting of
flood events. Piloting of MIKE FLOOD coupled with 1D-2D models in flood simulation
in Guwahati urban area was highlighted. The forecast run starts at 0900 hrs and the flood
alert is issued by 1530 hrs the same day. The flood alerts are continuously validated based
on inputs from multiple sources. The presentation also covered an innovative approach to
flood hazard delineation, based on elevation, proximity to river confluence, proximity to
breach, Normalized Difference Vegetation Index (NDVI) and Normalized difference
Moisture Index (NDMI). This approach is suggested as a viable approach to flood plain
hazard zoning in the absence of close contour Digital Elevation Model (DEM) data sets.



3.7 In response to a question Dr. Barman clarified that the forecast system performed
well in more than 60 percent occasions (based on ground inundation reports), with partial
rate of success (with reports of river level rise beyond warning level but no inundation) in
30 percent more cases. Improvements in performance would come from close-contour
DEM, robust hydrological network, and dynamic data sharing between central and state
agencies. To a question on early warning in Nalbari district from a tributary originating in
Bhutan Dr. Barman clarified that the flood forecasting is supported by communication on
reservoir releases from Bhutan, and the warning is provided with a lead time of 8 hours
against the time of concentration of 14 hours. He also clarified that the conceptual
physical based model provides forecast all along the river compared to forecast by CWC
at specific forecast sites. To a question on data issues in the trans boundary Brahmaputra
basin it was clarified that DEM from Cartosat 1 stereo pair is generated for Bhutan and
Tibet, global data sets including satellite based rainfall estimates are used for basin area
outside Indian border, and real-time data from AWS installed from Arunachal Pradesh
onwards in the Indian basin area. He pointed out that CWC sites while scientifically
located mostly provide stage information and not discharge data.

Presentation 4: Real Time Decision Support System of River Sutlej and Beas
by Mr. Anil VVyas, Bhakra Beas Management Board

3.8 Mr. Anil Was of Bhakra Beas Management Board (BBMB) provided an overview
of BBMB and its functions. Under the World Bank assisted Hydrology Project Il
modeling of stream flow forecasting in Sutlej and Beas rivers, focusing on inflow into the
Bhakra and Pong reservoirs as well as downstream flooding. The model development was
supported by upgrading the existing hydro-meteorological network of automatic rainfall
and snow gauge stations. The reservoir simulation is performed with Hydrologic
Engineering Centre’s Real Time Simulation (HEC-RTS) program, HEC-RTS is a public
domain version of CWMS/CAVI programs developed by HEC for its use. The U.S. Army
Corps of Engineers Corps Water Management System (CWMS) is a comprehensive data
acquisition and hydrologic modeling system for short-term decision support of water
control operations in real time. It encompasses data collection, validation and
transformation, data storage, visualization, real time model simulation for
decision-making support, and data dissemination. Control and Visualization Interface
(CAVI) is a client application. The BBMB implementation can be run from PC with
different modeling components such as MFP (Meteorological Forecast Processor), HMS
(Hydrologic Modeling System), RAS (River Analysis System), RES-SIM (Reservoir
Simulation), and FIA (Flood Impact Analysis) with HEC-Gridutil (to provide viewing,
processing, and analysis capabilities for gridded data sets stored in HEC-DSS format) and
HEC-DSS (HEC Data Storage System) on a single platform. The weather inputs include i)
15 days quantitative and ensemble and temperature forecast from ECMWRF at 0.25 deg
resolution updated every 24 hours by National Center for Atmospheric Research (NCAR)
in USA; ii) Quantitative precipitation and temperature forecast for 10 days updated every
6 hours from NOAA’s Global Precipitation System (GFS), iii) Short term precipitation
and temperature forecast for next three days from India Meteorological Department
(IMD), iv) near real-time precipitation data at 0.25 degree for every three hours from
TRMM, v) hourly real-time precipitation and temperature data from IMD and BBMB



gauge sites, and vi) real-time precipitation data at 0.1 deg resolution and half-hour
interval. Other model inputs include snow cover imageries from MODIS and other
satellite data products from Global Land Data Assimilation System (GLDAS), remote
sensed Snow Water Equivalent (SWE) grid and BBMB observed reservoir inflow/outflow
and reservoir level measurements. The inflow into the Bhakra and Pong reservoirs has
been calibrated for real-time reservoir management.

3.9  The complex reservoir simulation model developed in Sutlej and Beas rivers with
multiple meteorological data and basin parameters and the integrated set of HEC suite of
models was appreciated by the participants. Mr. Was clarified that the first model was
NAM//MIKE based and the present model development using HEC suite of models and
tools started in 2010. The validation would continue with sustained model improvement
based on operational forecast experience. Mr. \Wyas clarified that the basic framework of
model can be prepared for any basin within three months with the help of HEC tools. The
Real Time DSS has to be run after new data is updated in the data-base. All the remote
sensed data used by model are open source and available for whole earth surface and can
be downloaded through ftp server and formatted into HEC DSS file formats. This is
important in trans-boundary basins such as satluj where 2/3 basin area lies outside India
and snow-melt runoff is the major contribution to the total runoff (Bhakra has 50 %
runoff through snow-melt). This model can be coupled with other open source models
like MODSIM DSS for water distribution, HEC- SSP (for statistical analysis) and
HEC-RPT and other HEC tools. Mr. Was mentioned that 10 to 15 days training would
equip the engineers to start developing the model. Mr. VWyas answered another question
that the met forecast at 0.25 deg resolution is down-scaled to 10km grid and used. The
use of Thiessen polygon method instead of isohyetal method for assigning gauge weights
in the hilly catchments was questioned. Use of 2D models for downstream flooding was
mentioned.

Presentation 5: Real Time Monitoring and Forecasting of Floods in India
by Dr. Vimal Mishra, |IT Gandhinagar, Gujarat

3.10 Dr. Vimal Mishra of Indian Institute of Technology, Gandhinagar underlined the
impact of climate change in increasing the frequency of extreme rainfall events, and
consequent increase in economic losses. The challenges to real-time flood monitoring
include lack of real-time data, bias and uncertainty in satellite based data sets and
hydrological models, poor stream flow measurements, human impact on basin response,
uncertainty in initial conditions, and reliability of weather forecast. He mentioned the
widespread use of Variable Infiltration Capacity (VIC) model to solve energy and water
balance over grid cells. The real-time flood monitoring and forecast system uses ground
measurements of weather and soil moisture parameters, regional scale rainfall,
temperature and soil moisture data from satellites, and 7-day forecasts from the Global
Ensemble Forecast System (GEFS) providing 21 ensemble members and forecast from
the Climate Forecast System (CFS) of National Centers for Environmental Prediction
(NCEP). He recommended the use of Integrated Multi-satellite Retrievals for GPM
(IMERG) Global Precipitation Mission, as outperforming Tropical Rainfall Measurement
Mission (TRMM) data. Dr. Mishra presented case studies of stream flow monitoring at



country and basin scales. The basin scale studies covered Mahanadi and Ghaghra basins.
Use of Bhuvan data for generating river cross-sections was mentioned. Initial results on
flood modeling in Bagmati and Budhi Gandak basins in Bihar State was presented. He
concluded that satellite based rainfall estimates from GPM, higher density of ground
measurements of rainfall and stream flow, use of RADAR for basins of short response
time, and high resolution weather forecasts are needed to improve real-time flood
monitoring and forecasting.

3.11 Though the model is currently at national level and large basin level, application
to smaller basins in Bihar would require down-scaling of satellite rainfall estimates,
weather forecasts of high resolution, shorter interval and high update rates, and basin
parameters such as soil moisture, and validation. Dense network of rain and river gauges
and RADARs would be critical in smaller basins or basins with short response times. The
cause for increasing frequency of floods in Ghaghra basin after 2008 was questioned. Dr.
Mishra mentioned this has to be looked in the background of increasing heavy rainfall
episodes or rapidly changing basin characteristics. Some studies have shown evidence of
increasing flood causing rainfall events and intensity, but this needs to be further
investigated. To another question Dr. Mishra clarified that the inundation mapping was
based on available satellite data including from Bhuvan platform.

Presentations 6: Cell Phone Data Analysis for Flood Risk Management
by Dr. Apichon Witayangkurn, University of Tokyo, Japan

3.12  Dr. Apichon Witayangkurn of the University of Tokyo made a presentation on the
use of Call Data Records (CDR) data for extracting information on people distribution
and movement to manage flood risk better. This innovative approach leverages the very
high density of cell phones as human sensors to send targeted flood alerts as well as target
rescue relief, and rehabilitation. This is needed to supplement Census information which
is conducted every few years due to high survey cost and it does not track people
behavior/movement in between census years and during the flood event. He proposed the
use of CDR for developing a location-based flood warning system as well as to track
people distribution and movement during flood to support emergency flood management.
Understanding people movement and their behavior can make a better preparation and
support flood and other initiative also. This can answer the question like how many
people got effect from the flood, where they go. The location of cell phone is either
through embedding GPS position in the transmission data stream, or using cell tower data.
The latter though could be +/- 100 m is recommended as no additional software is needed
in the cell phone, and even basic cell phones can be tracked by the Mobile Service
Provider (MSP). The CDR covers data on time and location of voice/messaging/data
communication of each handset collected for billing purposes. This is however limited to
only those times when the cell phone communicates to the MSP. The handset migration
can be tracked and gaps filled through cell tower migration. The population at any time in
flood impacted areas is estimated by applying a scaling factor to convert subscriber
population registered in that area or those that are communicating with the MSP. Dr.
Apichon mentioned the limitations of CDR- not all movements are recorded, represents
only a part of total cell phone population in that area, the data is anonymized, and data



volume is very large requiring special ‘big data’ analysis system. The operational use of
CDR data will involve analysis at MPS office to generate anonymized CDR data which
can then be processed by the flood forecasting centre and warnings sent. Dr. Apichon
presented case studies of CDR analysis in Japan, Bangladesh, and in other locations. The
Bangladesh study indicated that such data can be indispensable to tracking people
distribution and movement during flood and will support evacuation planning. Other
examples included tracking communication in a business area in Thailand, tracking
footfall for marketing campaigns and opening new stores in UK, understanding mobility
patterns in Colombo, mapping malaria in Kenya, emergency evacuation monitoring in
Japan, and origin-destination tracking in Istanbul. Dr. Apichon then discussed the modus
operandi of obtaining CDR data through government-to government agreement or private
agreement with the MSP. He suggested that anonymization and randomization of CDR
can be done at the MSP office, while further processing of such data for sending flood
alerts would be by the flood forecasting agency at the most benefit to the host country.

3.13 The innovative approach of using CDR data for understanding people distribution
and movement was well received. It was suggested that a better protocol would be to
agree with MSP for sending the flood alert issued by the forecasting agency, who will
then analyze CDR data and broadcasts the alert to mobile users in the likely affected area.
The MSP can also provide anonymized (or demographic data if privacy restrictions do
not apply) data for emergency flood relief and rehabilitation. Capacity building and
knowledge transferred shall be conducted to related partners allowing them to operate the
system by themselves.

Presentation 7: Development of a Regional Flood Outlook: Opportunities for
Cooperation by Dr. Mandira Shrestha, ICIMOD, Nepal

3.14  Dr. Mandira Shrestha of International Centre for Integrated Mountain
Development (ICIMOD) provided an overview of the organization, its mission and
regional action framework. ICIMOD is an inter-Governmental knowledge sharing,
learning and enabling centre with eight member countries in the Hindukush Himalayas
(HKH). A review of disasters in 2015 indicated that almost half the disasters globally
occur in the Asia-Pacific region. The Himalayan region has on the average 60 disaster
events each year during the 30 years since 1985. One-third of these disasters are floods.
She reviewed the key issues in the Regional Flood Information System coordinated by
ICIMOD. These included recognition of the diversity in technical, scientific and
institutional capacity across the region; opportunities for sharing knowledge and
experiences; application of state-of-art tools and technologies timely and reliable early
warning in a regional framework; strengthening early warning system by integrating risk
data; and sharing/exchange of real time hydrologic network data across national
boundaries. The World Meteorological Observation (WMO) World Hydrological
Observing System (WHYCOS) framework promotes basic observation activities in the
member countries, and free exchange of designated hydro-meteorological data. The HKH
WHYCOS has upgraded 38 hydromet stations set up in Nepal, Bangladesh, Pakistan and
Bhutan with data transmission through CDMA/GSM and satellite telemetry and shared
among partner countries; provides access to Global Telecommunication Stations (GTS) of
WMO; and additional stations contributed by partners. Dr. Shrestha provided an overview

10



of the Regional Flood Information System has been piloted in the Ganges-Brahmaputra
basin since 2014. The regional flood outlook at 21 nodes and with 3 days lead time
utilizes freely available data and weather forecasts. The outlook is produced through a
conceptual rainfall-runoff model and 1D hydrodynamic flood routing along the river
system. The modeling approach uses a range of dynamic observed and multi-satellite
based meteorological and hydrological data and static basin data. The current focus is on
major rivers in Nepal. Proprietary NAM/MIKE11 models have been used, with real-time
hydrometric data, satellite precipitation from TRMM, and quantitative precipitation and
temperature forecast from GFS at 25 km grid. The flood forecast has been evaluated in
major rivers of Nepal, and shows need for improvement at higher discharge range. Flood
outlook and inundation mapping from Chatara to Kursela in Kosi basin has been initiated
using 1D and 2D coupled models. The inundation from the Kusaha breach in Kosi left
afflux embankment in August 2008 was simulated and compared with satellite based
inundation map. Dr. Shreshta described the challenges to be access to topographic data
for river cross-sections and flood plain, revision/definition of Alert and Danger levels at
model nodes and improved model operation. She emphasized the need to integrate risk
information, develop appropriate institutional mechanisms for dissemination, strengthen
monitoring network, and build capacity through enhanced cooperation and partnership.

3.15  To a question on how ICIMOD can help data sharing with Nepal, Dr. Shrestha
suggested that a formal mechanism should be set in place and ICIMOD could support. Mr.
Sahu, Chief Engineer, CWC mentioned that under the Master Plan for Flood Forecasting
Government of India has assisted Government of Nepal to upgrade select sites in in Nepal
to increase the lead time for CWC flood forecasts in Bihar. He also mentioned that though
the data is collected every hour data reaches CWC only at 0700 hrs every day. This means
valuable lead time is lost between the time of flood peak and the time by when CWC is
provided this data. She requested the Water Resources Department, Bihar to evaluate and
use the outputs from the stand-alone flood forecasting system in Kosi basin by
Department of Hydrology and Meteorology, Nepal in the 2016 flood season. Dr. Shrestha
clarified that ICIMOD assists the member countries to develop the flood forecast system
and it is the country that issues the forecast. The Regional Flood outlooks are issued at
0900 hrs and two-to-three time a day in the monsoon season depending on the weather
situation, and published in the web, and in critical cases sent directly to the hydromet
agencies.
Presentation 8. Flood Modeling in North Bihar: Challenges and Opportunities

by Dr. S. Thiruvengadachari, Flood Management Consultant

3.16 Dr. S. Thiruvengadachari, Flood Management Consultant, highlighted the
challenges and opportunities in flood modeling in North Bihar river basins. Currently the
Central Water Commission provided forecast of flood stage (after the warning level is
crossed) at select downstream sites, once or more times a day, based on gauge-to-gauge
correlation with the base station. The lead times in North Bihar rivers is 8 to 24 hours.
The forecast performance is assessed higher than 95 percent based on whether the
forecast stage is within +/- 15 cms and the discharge is within +/_10 percent of observed
values. The limitations are i) forecast only at a few sites and not all along the river, ii) the
lead-time is restricted to the travel time between the base and forecasting stations, and iii)
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likely inundation is not mapped. Conceptual physical based models are proposed now to
address these limitations. A critical challenge to modeling is in-adequate ground
measured data (rainfall, water level/discharge, rainfall forecasts, rating curves, river
cross-sections, reservoir releases and outflows, etc.) and poor data quality and
accessibility. Opportunities include strengthening the RTDAS network, implementing
comprehensive data validation protocols, and data assimilation from ground including
RADAR and satellites and numerical weather prediction models. The trans-boundary
nature of most Bihar basins pose problems of data availability and access outside India,
requiring use of global data sets on basin characteristics and meteorological inputs. The
complex basin geomorphology, in-distinct basin boundaries with flow between river
systems, varying flow conditions in un-embanked reaches and partial embankment either
on one or both sides in other reaches, and multiple inundation scenarios with varying
causes pose challenges. An approach of coupling different types of models including
statistical, Artificial Neural Network (ANN) and conceptual physical based ID and
2Dbmodels, lumped to distributed, may be needed. In complex basins the modeling
approach would adopt a systematic, hierarchical and iterative model development,
starting from simple to complex, with increasing complexity addressed by improved
model understanding and data availability and quality. Use of ensemble rainfall forecasts,
and multiple hydrologic/hydraulic/nydrodynamic models, would lead to ensemble
hydrological forecasts for better probabilistic risk assessment. Mapping inundation
scenarios continues to be a challenge in the absence of good quality Digital Elevation
Model (DEM) and historic data for validation. The validation of inundation extent against
satellite derived inundation maps need to take note of the over-estimation in the latter due
to the coarse resolution of the satellite data. Where is the ground data on inundation depth,
duration and time of incidence? Crowd-sourcing in the flood plain would provide the
historic data for validation. Good inundation mapping would require 2D hydrodynamic
models with attendant data requirement. Validation remains a weak point in both research
and operational models. Standard protocols consistent with the goals of the operational
flood forecasting system are needed. Capacity constraints need to be addressed. This calls
for a creating a cadre of flood modelers with assured career path and incentives,
continuous skill upgrading, sponsored research in academia to complement institutional
activities, and developing capacity for downstream use of flood forecasts and early
warning.

3.17 There was general support that an assured career path and incentives are essential
to attract qualified engineers to this soft activity and to retain them.

Closing Remarks by Co-Chairs

3.18 Dr. Vivekanand Singh congratulated all the eight speakers on the excellent
presentations. He reiterated the need for input data availability and quality, selection of
appropriate model, calibration and validation and early warning at lead times appropriate
for field preparedness. He appreciated the vigorous audience interaction. Mr. Takur
congratulated WRD, GoB for identifying the need and taking up studies to develop flood
modeling capacity. He clarified that there is no specific flood forecast mandate to any
agency, as the need provides the mandate to agencies to come up with appropriate
systems. While CWC has been providing the flood forecasts, obviously there is need to
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improve the forecast lead time, locations and early warning at community level. The State
and central agencies need to work together and complement each other in fulfilling flood
forecast needs.

Panel Discussion

3.19 The panel discussion was moderated by Dr. Satya Priya, and other members were
Dr. S. Thiruvengadachari, Flood Management Consultant: Mr. S.K. Sahu, Chief Engineer,
LGBO, CWC; and Mr. A.K. Sen, Director, IMD. A set of issues were prepared to guide
panel discussions. Mr. Sahu commented that the gauge-to-gauge correlation model while
providing good forecasts at selected downstream sites could be complemented by
conceptual and physical based models to increase the lead time and provide inundation
information. MR. Sen pointed out that numerical weather forecasting coupled with
hydrological forecasting system has increased the lead time. He said translation of
quantitative rainfall forecasts need to be coupled with basin models to translate into
inundation and impact on society. Dr. Thiruvengadachari pointed out that data supply
from CWC for model development is facing many issues- some data are confidential all
the time and some during lean flow periods, some previously unclassified data such as
sediment load and cross-section data at CWC sites has become confidential, data supply
is delayed, sharing of real-time data from CWC sites, etc. Mr. Sahu clarified that the new
Classified Data Screening Committee has members from other ministries also, who may
have other national considerations in clearing data supply and not. All data requesting
agencies including Gol agencies undergo the screening process. He pointed out that in
critical cases data supply has been cleared, and future cases. Academic institutions are in
general provided data appropriate to the research work planned and cost-free. Differential
rates are charged for data supply to different classes of users. Anomalous situation where
government agencies are being charged commercial rates just because a consultant is
analyzing the data was mentioned. Dr. Satya Priya referred to the new data sharing
policies being drafted which may ease data sharing. The National Hydrology Project
(NHP) which is a centrally sponsored scheme also is proposing data sharing protocols
and policies. Dr. Saroj Kumar Varma suggested that master basin planning proposed in
NHP would require agreement between states to share data. Ms. Arti Sinha pointed out
that river stage/discharge data is nor shared by Nepal. Dr. Sahu pointed out that given the
published station elevation the water depth can be translated to stage. Dr. Nagan Prasad
pointed out that an appropriate modeling strategy commensurate with basin complexity
need to be developed, coupling of Rainfall Runoff models of Nepal basin area to predict
the response at entry point (Dheng Bridge) into Bihar with downstream models in Bihar
is needed. He also pointed out the need for a coordinated program for model development,
considering the large number of institutions developing models of different types and
performance levels. Mr. Sahu responded that CWC can take up forecasting at Dheng
Bridge and at other sites if there is a request from the State government. Dr. Gautam
pointed out that Kosi and West Rapti basins have been taken up for piloting 3 days flood
forecasting system by Department of Hydrology and Meteorology, Nepal to be completed
within three years. Once developed these forecasts can become the upstream boundary
conditions for downstream forecasting in India. He also pointed out that rea time data is
being published in the DHM website, and later on would publish more than 100
hydrological sites and 200 meteorological sites are being implemented with real-tie
telemetry under the World Bank assisted Climate resilience project. Historic data can also
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be purchased at nominal rates. Derivation of rating curve is being delayed, impacting
converting river stage to discharge. Dr. Gautam appreciated the use of open source
modeling software and mentioned that RIMES is using license-free Delft-FEWS
operational forecasting platform. Community warnings and feedback on inundation
(using gauges set up in the communities) is facilitated by customized mobile applications.
Dr. Barman pointed out that the India WRIS platform publishes basin data at 1:10,000
scale which would be useful in monitoring. Mr. Sahu mentioned the need to revise the
danger and warning levels at forecast stations which have been fixed in consultation with
the district administration. Post-embankment situation these need to be reviewed and
revised. Dr. Satya Priya concluded that there cannot be one single approach, but with
better understanding of the basin processes and improved and timely availability of good
quality data flood forecasting in Bihar is moving in the right direction. He wished
Government of Bihar all success in their endeavor.

Observations and Insights
3.20 Observations and insights from the session include:

a) Public-domain and license-free modeling software are effectively used to develop
operational flood forecasting applications in basins of varying size and complexity,
in place of proprietary software. This will help scaling-up to multiple river basins
rapidly and cost-effectively. There is also a vibrant user community for
knowledge sharing and development support.

b) There seems to be a range of open source models (mostly HEC suite of models)
available, with tools to customize user-friendly interfaces for data input and
output and visualization.

¢) Most modeling work were completed in relatively short gestation times. Even the
more complex HEC suite of models in Sutlej and Beas basins was developed in
three year’s time.

d) Most models made innovative use of currently available satellite rainfall estimates
(mainly Tropical Rainfall Measuring Mission (TRMM) and Global Precipitation
Measurement (GPM) data after bias-correction and down-scaling, and weather
forecasts from Weather Research and Forecasting ((WRF) model. Use of
ensemble rainfall estimates and ensemble rainfall forecasts and ensemble
hydrologic forecasts is relatively new and yet to be widely used. The forecast
system in north east India used synoptic weather analysis to adjust forecasts closer
to the event.

e) Medium range deterministic (up to 10 days) and probabilistic forecasts (up to 15
days) integrated with flood forecasting model extend the lead time for effective
ground response. Different ranges of hydrological forecasts could be generated
using an ensemble system. Forecast accuracy decreases with lead time and
improves closer to the event.

f) Adequate network density of precipitation (rainfall and snowfall) and river
gauging stations is critical to calibrate and bias-correct satellite based estimations
and forecasts.

g) Assimilating ground measured rainfall and ensemble satellite rainfall estimates is
recommended to improve model performance.

14



h) Satellite based basin parameters such as land cover-use, elevation, soil moisture,
snow cover, etc. would help improve performance of operational stream flow
models.

i) Model performance assessment is better done for event based threshold
exceedance - such as exceeding threshold for defined events- for example, crossing
warning and danger level, inundation extent (within the panchayat), depth (>60
cm, >100m), arrival time (<1 day, <3 days, and > 3 days) and duration (<5 days,
<10 days, >10 days).

j) The flood forecast modeling team should include qualified meteorologists to
understand, calibrate, validate, downscale, interpret and integrate weather forecasts
in the hydrological forecasting system.

K) It would be good to link regional flood forecast modeling system and
forecasts/outlooks from ICIMOD to cross-support with data collected under WMO
HYCOS?® framework and integrate upstream forecasts in trans-boundary basins in
north Bihar.

I) Community warning can be supported by use of Call Data Records (CDR) at the
Mobile Service Provider servers, to locate and broadcast flood alerts to mobile
receivers in the likely affected areas. CDR data would also be helpful in monitoring
people movement post-event in the flood affected areas for targeted emergency
flood management. Necessary institutional arrangements taking note of privacy
limitations would need to be agreed.

m) The procurement of historic data from Central Water Commission (CWC) has
become more complex, with delays and more data such as river cross-sections at
CWC site (needed for developing rating curve) and sediment data becoming
confidential. The cost of data has also substantially risen, for consultancies even if
organized by State or central government agencies. CWC should also arrange
timely sharing of rainfall and stage data received from Nepal under bi-lateral
agreements. It is expected that the new Data Sharing Policy proposed under the
National Hydrology Project would facilitate better data sharing by CWC.

n) Flood modeling in north Bihar river basins is challenged by its unique
characteristics but also provides opportunities to innovate. The complex basin
geomorphology, partially embanked -either on one side or both sides- river system
and multiple causes of flooding call for a suite of different models (statistical,
conceptual and physical based, lumped to distribute) rather than a single model.
The recommended modeling approach would start from simple model to complex
model, with increasing complexity to suit available data and improved
understanding of basin response. The trans-boundary basins mean poor data access
in areas outside India, and would need to be supported by global and regional data
sets on basin conditions as well as satellite rainfall estimates and ensemble rainfall
forecasts. Data assimilation from multiple sources (satellite, RTDAS, RADAR)
would provide more dependable input data for the models. Scaling up to other
basins would require use of public domain and license-free modeling software
rather than proprietary software. Most inundation scenarios can be supported by

% World Meteorological Organization (WMO) Hydrological Cycle Observing System (HYCOS) providing access to 38
meteorological stations upgraded in Bangladesh, Bhutan, Nepal and Pakistan and more than 300 Global
Telecommunications Stations of WMO
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satellite based Digital Elevation Model (DEM) of up to 1 m contour interval, with
LIDAR based DEM covering only the very flat flood plains. Validation particularly
in regard to inundation mapping suffers from non-availability of historic data on
inundation depth, duration and time of inundation. Community-sourcing of such
information would help fill the void. Assessment of model performance is another
challenge. A standardized model validation protocol need to be established.
Operational flood forecasting models take time to mature, and thus require
long-term institutional commitment. This would include defining a program and
setting goals for different time horizons (0-5, 5-10, 10-15 years), developing a
cadre of flood modelers including meteorologists, organizing continuous skill
upgrading programs, implementing an assured career path and incentives, and
sponsored research in academic institutions.
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IVV. Technical Session I1: River and Sediment Management

Co-Chairs: Dr. Santosh Kumar. Retd. Professor, NIT, Patna
Dr. Mandira Shrestha, ICIMOD

Session Summary

4.1  This session covered four presentations, covering river morphological analysis and
annual prediction, preparation of master plan for flood and sediment management,
Embankment Asset Management System and community participation in embankment
surveillance, all in the Kosi basin. All these pioneering activities have been conducted
under the Bihar Kosi Flood Recovery Project assisted by the World Bank.

Presentation 9. Modelling River Morphological Trends

by Mr. Sudipta Kumar Hore, Centre for Environment and GIS (CEGIS),

Bangladesh

4.2 The Center for Environmental and Geographic Information Services (CEGIS),
Bangladesh has a decade-long experience in using remote sensing technology in studying
river morphology and bank erosion processes. CEGIS has developed a method/model by
which they use satellite images in predicting morphological changes and river bank erosion
of the major rivers, such as the Brahmaputra-Jamuna, the Ganges, the Padma and the
Lower Meghna. The method/model is also one of the reliable and cost effective approaches
for predicting morphological changes on annual basis for bank erosion management. The
main objective of the Kosi morphological study is to understand the river morphology and
the long term erosion process of the Kosi River, and to develop a methodology for
predicting future morphological changes in the rivers of the Kosi river basin. The satellite
image-based river behavioral study would cover the rivers of the Kosi River basin, namely,
the Kosi, the Bhutahi Balan, the Kamla and the Bagmati. All these rivers enter Bihar from
Nepal. The processes of shifting of the main channels from one bank to other are in the
scale of years to decade. On the other hand, the processes of channel development and
abandonment are very frequent in the scale of month to year. These two processes of
different time-scales are highly relevant for characterizing the behavior of the Kosi River.
The analysis used hydrologic data of 2001 to 2013, post-monsoon low-flow satellite
imagery of 2001 to 2014, river cross-sectional data, and sediment data among others.
Time-series satellite images have been used to understand the geo-morphological and
planform characteristics of the Kosi River, the Kamla-Balan and the Bhutahi-Balan rivers.
The Kosi River has been divided into five reaches based on the man-made control points as
well as the braiding and meandering planform characteristics of the Kosi River. The model
is used to predict on annual basis the vulnerable reaches, embayment between spurs which
may cause scour at the tip of spurs and identification of active channel. While the model is
empirical and simple to set-up, but need to be frequently updated for dynamic braided
rivers.
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4.3  Dr. Barman wanted to know whether braiding Index has been used in the model,
and suggested to verify the model performance. Mr. Hore explained that braiding index is
not currently used. The model based on data up to 2009 was used to predict changes in
2010 to validate model performance.
Presentation 10 : Preparation of Master Plan for Flood & Sediment Management in
Kosi River Basin by Mr. Bibhas Kumar, URS Scott Wilson India Private Limited;
Dr. Flemming Jakobsen, DHI (India) Water & Environmental Pvt. Ltd.; and

Mr. S C Sinha , Project Director, URS

4.4  The introduction was provided by Mr. Bibhas Kumar, modelling part was
presented by Dr. Flemming Jakobsen, and the suggested measures for two management
units were presented by Mr. S.C. Sinha.

45  The objective is to prepare a master plan which is environmentally friendly,
socially acceptable and techno-economically viable. The real challenge is the integration
of social equity, economic efficiency and environmental quality solutions. Kosi is a
trans-boundary basin lying in China, Nepal and India. The management issues are:
1)excessive generation of sediment in upper catchments in Nepal, 2)Heavy siltation at u/s
of Kosi Barrage, 2) shifting of course due to aggradation, degradation, braiding and
meandering characteristics of the Kosi River, 3)erosion leading to breaches of Kosi
Embankments, 4)Inundation due to annual flooding of 395 villages located between the
two embankments, 5)Flooding (450 sg. km) and drainage congestion of the area east of
the Eastern Embankment, and 6)Water logging and drainage congestion in the command
of eastern Kosi canal.

4.6  Dr. Jakobsen’s presentation covered the modelling activities which were carried
out to support the preparation of the Master Plan. He explained how 1D & 2D
Hydrodynamic and 1D Sediment Transport Models for Kosi reach from Chatra to Kursela
(273km) were set up using MIKE 11 and MIKE 21 C. Sediment yield from upper
catchments, sediment flows at Chatra, Birpur, Kosi Mahasetu, Balwaha Bridge and
Dhamara Ghat were presented. The predicted bed profile and its effect on availability of
freeboard, using 1D HD-ST Model, after 5 year, 10 year & 15 years of simulation were
also presented. Distribution of velocity and water depth, using the results of Meso-scale
2D HD Model, over the entire reach of Kosi from Chatra to Kursela was shown. \elocity
distribution with spurs in Micro-scale 2D HD Model was presented.

4.7  Mr. Sinha explained the seven management units which were decided to facilitate
the preparation of the Master Plan. These Management Units are, 1) The catchment area
upstream of Chatra (Outside India) in Kosi river system, 2) Barrage and appurtenant
works, 3) The Kosi River Course (From Chatra to Kursela), 4) Embankments, 5) Area
between embankments (between Barrage & Koparia), 6) Area east of the eastern
embankment and 7) Area west of western embankment suffering from drainage problem.
He analyzed the problems and probable solutions for Management Unit No. 1 and
Management Unit No. 5. The main problem for Management Unit No. 1. Upper
Catchment is the generation of high amount of silt load for Kosi. The recommended
solutions were Catchment Treatment and Construction of Kosi High Dam and other
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storage dams on the tributaries of Kosi. The main problem for Management Unit No. 5 is
that almost 1 million people are living on the riverine islands of Kosi between the
embankments. These people get totally de-linked from all facilities. The recommended
solutions for this units were, 1) Parallel Embankment using Geo-Tubes in conjunction
with dredging, 2) Living with the Floods — like flood proofing, flood resistant buildings
etc., and 3) Administrative Reorganization — like at least one block headquarter should be
in this area.

4.8  Dr. Diganta Barman cited the successful application of porcupines to arrest bank
protection in Assam, resulting in silt deposition offering further protection. Mr. Bhibas
Kumar mentioned that porcupines are in use for more than 65 years in the basin and have
proved effective.

Presentation 11. Embankment Asset Management System in Kosi Basin

by Mr. Rajesh Kumar, CGM, LEA Associates South Asia Pvt. Ltd.

4.9 The Embankment Asset Management System has been developed on a GIS
platform with functional modules for operation & maintenance of embankment and related
assets through the life-cycle. The development included: i) Collecting all asset data of Kosi
Basin through GPS survey and prepare an asset map, geographic referencing all assets
through nearly 650km length of embankment and more than 700 locations of spurs & other
assets, converting to Shapefile through GIS Software, and Overlay Google, Arc-GIS Base
Map & Satellite Images, ii) Identifying all Information / Data Required to archive for Kosi
Basin like Engineering Information, Basin Information. Flood Store Information and
Documents Information, and iii) Use of K-EAMS in Asset Management of Kosi Basin
during Life Cycle of Assets like Designing New or Strengthening Existing Structure,
Construction for Implementation of Standard Operating Procedure (SOP), Risk
Assessment, Preventive or Corrective Measures / Emergency Response, and Operation and
Maintenance (O & M) / Reconstruction. The outputs include: spatial maps of embankment
and their assets in Kosi Basin; Functional Module for Inspection, Operation &
Maintenance, and generation of various reports & alerts during operation & maintenance;
Android Based Application for Inspection of Various Embankment and their Assets; SMS
& Web Based Portal for Community Participation during Embankment Surveillance;
platform to store all important information for the reference in future; direct access to
authorized users for use of embankment database from any location with updating facility;
and portal for high level management officer to monitor the operation of embankment and
their assets with alerts from their PC / Laptop. The system has been demonstrated to WRD
engineers and training camps conducted. It is hoped that the system would be fully
operational shortly.

4.10 Dr. Mandira Srestha enquired how and who can access this information system? It

was clarified that the EAMS is hosted in a web portal, and authorized users would be able
to access this system from a remote location if needed.
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Presentation 12. Community Participation in Embankment Surveillance in Kosi
Basin by Mr. Rashid Wakil, JPS Associates (P) Ltd.

4.11 Community participation for embankment surveillance is being promoted under
the Embankment Asset Management System developed in Kosi basin. Community
participation will supplement the departmental capacity which has diminished due to staff
constraints, and also provide a sense of ownership amongst the communities adjacent to
the embankment. The approach, protocols and mechanisms for community participation
in embankment surveillance have been developed and Piloted in select Communities in
the Basin. The desired mode of community participation, arrived through consensus, was
through formation and strengthening of Gram Panchayat Level Embankment Surveillance
Committees (GPLESC) and building capacity to patrol and identify any threat to the
embankment. Fifteen GPLESCs have been formed, and the goal is to form fifty more
along the embankment. The GPLESC has to be formed according to specified protocols
and approved by the Department. The protocols describe the Committee formation and
capacity building. Training manuals (both in Hindi and English) have been developed for
formation and strengthening of the committees and piloted in about 30 villages and
GPLESCs. An Action Plan for community participation across the entire stretch of Kosi
and Kamla River basins has been developed. As per the plan WRD needs to conduct one
pre-season workshop in each Division during May and one during September of every
year, concurrent with the visit of Technical Advisory Committee so that issues of
community can be accounted in the annual and long-term action plan for strengthening of
flood protection works. The process of information flow has been developed during flood
and normal times for effective reporting on embankment safety related issues, namely
visual observation of river flow close to embankment, damage to river training works and
embankment structures, wave action damaging the river-side slope of the embankment,
Seepage of water through embankment, rat holes, and rapidly rising river water level. The
information exchange would be from the community to WRD field offices, , FMISC and
vice versa through integration into the community report module of EAMS.

4.12  Dr. Thiruvengadachari inquired whether WRD has been sensitized for community
participation, and whether community participation has been incorporated in the Standard
Operating Procedure for embankment management. Mr. Wakil pointed out that the
community participation mode was discussed in Workshops involving both community
and WRD field and state level officials and that there was consensus on the proposed
modality. He mentioned that community participation in embankment surveillance has
been welcomed, particularly in the context of reduced staff in the field offices. The Junior
Engineer and PRI members will be part of the Embankment Surveillance Committee. He
proposed a funding mechanism to support community participation. As regarding the query
on frivolous information being sent by people, it was clarified that a data bank of
responsible community members is integrated into the EAMS and therefore the
information will be sent and registered only by those people trained for the purpose thereby
making it useful to the information. Dr. Mandira Shrestha suggested that engineers from
Nepal should also be involved in adopting community participation for surveillance of
embankments upstream of barrage. Mr. Wakil confirmed that though the proposed
community mechanism covered only the Indian basin area, Nepal engineers had
participated in the field training camps.
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Closing Remarks by Co-Chairs

4.13  Dr. Mandira Shrestha recorded her appreciation of the four technical presentations,
which covered techniques, plans, systems and community participation which she hoped
will improve flood risk management. Dr. Santosh Kumar congratulated all the four
presenters and concluded that these initiatives shall be sustained and upgraded for better
flood risk management in the State.

Observations and Insights

4.14  The analysis of river morphological changes in Kosi system shall be extended to
other basins in Bihar, to predict annual changes in embankment vulnerability, embayment
between spurs, and the identification of active channel for effective timely strengthening
of flood protection works. The satellite based model shall be complemented by the 1D &
2D Hydrodynamic and 1D Sediment Transport Models set up under the Master Plan
consultancy. The Master Plan for River and Sediment management would provide the
framework for taking up short-term and long term activities within the integrated river
management action program. The Embankment Asset Management System supports
rational management of these expensive assets and prolongs operational services and
useful life. This should be extended to other basins in Bihar. Community participation for
embankment surveillance shall be promoted and expended to other river basins, to pride a
sense of ownership and involvement by the likely -affected communities.
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V. Technical Session 3: Knowledge management

Co-Chairs: Mr. S.K. Sinha, Former Engineer-in-Chief, WRD
Mr. S.N. Tiwari, Retd. Director, GFCC

Session Summary

5.1 The session covered knowledge bases created in the Ganga basin on flood hazard,
exposure, vulnerability and risk to support flood risk management, and GIS databases for
the whole Bihar State to support flood management through the life-cycle. The former is
based on analysis of historic data and models, while the latter is sourced from satellite
imagery of different resolution, existing topographic, geographic and census maps and
statistics, and outputs from analysis.

Presentation 13. Ganga Basin Flood Risk Atlas by Dr. Satya Priya, World Bank

5.2  The Ganga Flood Risk Atlas was developed by Word Bank to help understand and
evaluate areas at risk considering hazard, exposure and vulnerability in the Ganges basin
spread across Nepal (15 %, India (80%), China (4 %) and Bangladesh (1%). This will
help guide priority flood mitigation program. Key activities included: i) Development of
exposure (assets at risk) database for various asset classes such as buildings,
infrastructure, demography, and agriculture, ii) Development of one-dimensional steady
flow probabilistic flood hazard model for 2, 5, 10, 25, 50, and 100-year return periods
using hydrological and hydraulic modeling for the entire Ganges Basin up to its
confluence with the Brahmaputra River in Bangladesh, iii) Development of vulnerability
curves (damage functions) for each of the exposure (asset) classes, and iv) Estimation of
direct losses at sub district/district levels. The Atlas can be accessed at
http://www.gangesfloodriskatlas.com/. Dr. Satya Priya demonstrated examples of
population affected, economic losses, and characteristics of Kosi basin, flood risk
assessment of the basin in terms of population affected and economic losses at different
return periods of floods.

53  The Atlas indicates that Bihar and Uttar Pradesh states in India and areas of
Bangladesh lying in the basin are highly vulnerable to the floods. At sub-basin level, the
Lower Ganges is the most severely affected sub-basin. It is recommended to further
strengthen the hydrological model by using rainfall gauge or high resolution rainfall data
and by taking more number of actual flow gauge stations in calibration and validation.
Also, in order to estimate the probable damage to other vulnerable exposures, other
remaining assets (bridge, pipelines, livestock, electric lines, other crops, etc.) at risk
should also be included in exposure data. The social vulnerability of various ethnic
groups and adaptive capacity of people in the flood prone areas of the three countries
should also be surveyed and made part of a separate study. The study can be replicated for
other basins and sub-basin of the region. Improvements in the data availability,
employing process oriented hydro-agrological models, considering detailed aspects of
socio economic vulnerability and adaptive capability of various community groups in the
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study area can further enhance the usefulness of such studies. The sector specific impact
of hydro meteorological disasters on the economy of the countries can also be analyzed.
He pointed out that the process of Central Water Commission taking over the web based
tools for Ganga flood risk assessment is under progress so that the Atlas would become a
national resource.

5.4 The question of reclassifying flood risk areas which are now protected by
embankments would need to be addressed by the risk of embankment failure. To another
question, Dr. Satya Priya clarified that the Atlas is based on available flood data and simple
models, and special hazards specific to any area such as cloudbursts in Uttarakhand
resulting in floods, or floods from embankment breach in Kosi basin, would need to be
addressed separately and integrated into the atlas, which should be continuously updated
and upgraded. He explained that while the risk data is at block level in India, it is at district
level in Nepal and Bangladesh, mainly the result of limited exposure data available. The
Atlas provides the framework. He mentioned that the Central Water Commission is
associated with the preparation and use of flood risk atlas, and other agencies like Ganga
Flood Control Commission may be associated for updating the atlas as well as promote use.
Dr. Satya Priya clarified that indirect or intangible losses are currently not accounted for in
the Atlas but may be built-in later. He also clarified that the return periods associated with
the risk are based on historical records. It was questioned how to asses risks associated with
recent disasters have taken place at smaller discharges compared to the design values, as
for example in Kusaha breach or in other rivers.

Presentation 14. GIS Data Base of Bihar by Mr. Sanjay Mathur, FMISC

55 Mr. Sanjay Mathur, GIS Specialist, FMISC traced the history of GIS database
development and the road map for upgrading the database. His presentation covered what
has been developed, how it is being used in day to day functioning of WRD and what is
being planned for the future to cater to growing needs. Currently the spatial database
covers the whole State, and consists of more than 13 thematic layers with appropriate
tabular data. High to very high resolution satellite data including microwave sensor
imagery have been used to generate layers on infrastructure, drainage, settlements and
communication network. The database is constantly updated with sequential satellite
imagery as needed. Departmental data is used to enrich the database. Crowd-sourced data
is used as appropriate, as for example in updating dynamic changes in local context.
Community reports on embankment condition and river flow are prime examples. In
trans-boundary basins available data from public resources are used to cover the whole
basin. He suggested popularizing GIS up to field level using freeware GIS software to
generate interest and support for this technology. He called for a more liberal data
distribution and exchange policy and hoped falling cost of data collection including
close-contour topographic data would help migrate to 3D GIS.

5.6  Mr. Mathur clarified that the embankment breaches are mapped using all available
data including RISAT satellite’s 1m resolution microwave data for mapping floods even
during the cloud covered periods. This was effectively demonstrated in the 2008 Kusha
breach, when the breach status was continuously monitored, and basic data provided for
planning cut-off channels to redirect flow away from the breach, helping closure action. To

23



another question on mapping the gap between irrigation potential created and utilized, Mr.
Sanjay replied that while the maps of all irrigation commands have been archived, analysis
of irrigation gap is not done as the focus is on flood management. Data also needs to be
collected on irrigation statistics at canal division/sub-division level to support analysis. To
another question on crowd-sourcing for data collection, Mr. Mathur clarified that such
techniques are planned for example in EAMS where embankment and river related data is
reported by the communities who have been trained and archived.

Closing Remarks by Co-Chair

5.7  The Co-Chair congratulated the two speakers and suggested that such knowledge
bases help plan and prioritize flood management interventions. He recommended greater
use of the knowledge by WRD and academia.

Observations and Insights

5.8  Structured knowledge base such as the Ganga Flood Risk Atlas and multi-theme
GIS data sets of Bihar State effectively support the entire life-cycle of flood risk
management, from planning to preparedness to flood relief, rehabilitation and
reconstruction. The knowledge bases obviously need to be kept updated with new and
better information through the years, and expanded in multiple levels for varying
applications. Linkage with other national and State level databases shall be encouraged.
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V1. Technical Session 1V: Downstream Projects

Co-Chairs: Mr. S.K. Sahu, Chief Engineer, Central Water Commission
Mr. S.C. Sinha, Retd. Chief Engineer, WRD

Session Summary

6.1  The session covered the downstream projects of Kosi Basin Development Project
and National Hydrology Project. The former is focused in Kosi river basin and inherits
and expands from the previous Bihar Kosi Flood Recovery Project while the Bihar
component of the latter transitions activities like flood forecast modeling and inundation
mapping and early warning from the previous Flood Management Improvement Support
System.

Presentation 15. Bihar Kosi Basin Development Project by Mr. Anil Kumar, Deputy
Director, FMISC

6.2  Mr. Anil Kumar, Deputy Director, FMISC explained the components of the Bihar
Kosi Basin Development Project (BKBDP). This project aims to enhance resilience to
floods and increase agricultural productivity and competitiveness, augmenting
connectivity, and improve contingent emergency response in the Kosi basin. Improving
flood risk management provides for strengthening flood control infrastructure, and
building institutional capacity. The former includes protection and restoration of spurs and
embankment in select reaches. Institutional capacity building includes establishment of a
Centre of Excellence for Water Resources Research and Development in WRD and
establishing a real-time data acquisition system in Bagmati-Adhwara and Kosi basins. Mr.
Anil Kumar traced the achievements in the previous project- Bihar Kosi Flood Recovery
Project- in both structural and non-structural activities. The structural improvements
included restoration and black-topping of select embankment reaches, restoration of select
Dhars, and protection and restoration of select spurs along Eastern Kosi embankment
downstream of barrage. Non-structural improvements include development of
Embankment Asset Management System and community participation in surveillance,
river behavioral analysis to predict changes a year ahead, Master Plan for Flood and
Sediment Management, and preparation of Detailed Project Report for establishment of
Centre of Excellence.

6.3  Mr. Sahu, CWC pointed out that 1T, Delhi has been tasked by Central Water
Commission to conduct the river morphological study of Kosi system to be completed by
June 2016, and recommended that FMISC should consult the study which may be useful.
Dr. Mandira Shrestha suggested that the various information systems like the EAMS, GIS
datasets, and flood forecasting system should be inter-linked to provide a composite
system which should be accessible by users. Mr. Anil Kumar agreed and suggested that
data access would be possible based on appropriate authorization.
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Presentation 16. National Hydrology Project by Dr. Saroj Kumar Verma, Deputy
Director, FMISC

6.4  Dr. Saroj Kumar Verma described the National Hydrology Project (NHP) being
implemented all over India by Ministry of Water Resources, River Development and
Ganga Rejuvenation, Government of India with active assistance of World Bank. The
presentation covered both National and State proposals. The NHP is being implemented
by 47 Implementing Agencies (IAs) including eight Central Agencies, 37 State level
agencies and UTs (including surface and ground water components) and two River Basin
Organizations. The Central Agencies are : Ministry of Water Resources, River
Development and Ganga Rejuvenation (MoWR, RD &GR)); Central Water Commission
(CWC), Central Ground Water Board (CGWB), National Institute of Hydrology (NIH),
Central Pollution Control Board (CPCB), Survey of India (Sol), National Remote Sensing
Centre (NRSC) and Central Water and Power Research Station (CWPRS). Water
Resources Department (WRD), Bihar is the Implementing Agency for Surface Water
Components in Bihar. Minor WRD, Bihar is IA for Ground Water Components. The
Development Objective of the project is to Modernize nation-wide the data, information
and knowledge support for water resources management, planning and operation in India.
The Project components are : A. Modernizing Water Resources Monitoring system
(WRMS), B. Modernizing Water Resources Information Systems (WRIS) : Develop and
support centralized database management system, water resource data sets, including
remotely sensed information; and facilitate state-WRIS; C. Water Resources Management
Tools and Applications (WRMTA) including DSS in selected river basins for flood
forecasting and reservoir operations, water resources (SW and GW) planning and
management, etc.; and D. Modernizing Institutions and Capacity Building through
establishing and supporting water resources data centers, trainings, centers of excellence.
Expected Benefits from the project are : Standardized countrywide water resources
database and country under one water resources information framework; centers of
excellence to provide modern water resources knowledge services and partnerships;
capacity for addressing critical water challenges in the country; Improved output/outcome
focus due to performance-based financing for a broad range of organizations; Modernizing
learning and knowledge exchange; and Improved access to information in the
public-domain. Dr. Verma also described the Vision and Expectations from National
Hydrology Project in the context of Bihar. He also explained the funding and fund flow
arrangement to apprise WRD personnel in particular. He explained what activities have
been proposed for surface water components in Bihar under NHP and the implementing
arrangement within the department and also, the status as on date of the project in Bihar.

6.5 Mr. Tiwari, FMISC wanted to know the scope of digitization of canal command
area and area actually receiving irrigation, and suggested development of Canal Asset
Management System, similar to EAMS. Dr. Saroj Verma clarified that the village maps
will be digitized indicating which field are receiving canal water. Mr. S.K. Sinha enquired
whether canal automation and SCADA system are proposed. Dr. Saroj Verma responded
that this is not included, but reservoir measurements are included in RTDAS under
BKBDP. It was also recommended that canal modernization shall precede canal
automation. Water Knowledge Centre is currently proposed in Patna, and perhaps later in
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river basin headquarters. This will follow similar Centres set-up in other states which were
earlier in HP I and 1I.

Closing Remarks by Co-Chair

6.6 Mr. Sahu appreciated the two informative presentations on the two downstream
projects. He hoped that with these slew of projects water resources management in Bihar
State.

Observations and Insights

6.7  Similar activities in upcoming projects would need to be formulated taking note of
the insights and recommendations arising from this workshop. Development of standard
development templates for flood forecasting and early warning system, Real Time Data
Acquisition System, Embankment Asset Management System and community
participation, river morphological prediction, and Centre of Excellence for Modeling for
cost-effective and rapid customizing in basins in Bihar and other States.

Open Discussion on Sessions 2, 3 and 4

6.8  Mr. Sahu, Chief Engineer, CWC suggested that any demand for funds by the State
after disasters shall take note of fund disbursement protocols and norms of the Calamity
Relief Fund. While advance may be requested from the State component of the fund,
disbursement from the central component will have to follow policy set for
recommendation by the central team and allocation of relief funds. Mr. S.K. Sinha, Retd.
Engineer-in-Chief of WRD suggested that the right bank main and branch canals of the
Kosi irrigation command (at least those just after the Eastern Embankment) be
strengthened as ‘flood embankment’ under the BKBDP, as the canal embankment had
minimized flooding from the 2008 breach floods from spreading eastwards. Mr. Sahu
mentioned that the Extension, Renovation and Restoration of Eastern Kosi command has
been posed for assistance under the Central scheme of Accelerated Irrigation Benefits
Program (AIBP), but was not sure strengthening canal embankment as flood embankment
is included. Mr. Tiwari, Retd. Superintending Engineer, GFCC suggested institutional
reorganization to bring the entire Kosi embankments under one Chief Engineer instead of
three Chief Engineers (of Birpur, Samastipur and Bagalpur) currently having jurisdiction.
Similarly for Bagmati-Adhwara system. This would improve operational efficiency. He
suggested that the Kosi High Level Committee should visit at least once, in addition to the
pre-monsoon visit, during the flood season to have better appreciation of flood
management issues. Mr. Tiwari suggested re-examination of hydraulic gradient analysis
for embankment safety, considering the river aggradation and consequent higher elevation
from the country-side flood plain. He recommended scientific design of bank protection
works based on data collection and a dynamic database. River cross-section surveys shall
include investigation of bed material also to support design of flood protection works. Mr.
Gorak Takur of GFCC supported the development of such database to support design of
bank protection works.
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VII. Workshop Summary

Mr. Nagan Prasad, Joint Director, FMISC

7.1 A two days’ workshop on “Improving Flood Risk Management in Bihar” was
jointly organized by Water Resources Department, Govt. of Bihar and Bihar Aapda
Punarvas Evam Punarnirman Society (BAPEPS) in collaboration with World Bank at
Hotel Maurya, Patna. The workshop aimed to review activities under the World Bank
assisted Bihar Kosi Flood Recovery Project (BKFRP) and share knowledge and invite
expert consultation. A special session on Flood Forecasting and Early Warning is being
organized as part of the workshop by South Asia Water Initiative (SAWI) Trust Fund.

7.2  Er. Indu Bhushan Kumar, Chief Engineer, P&M Water Resources Department
welcomed the participants and introduced the workshop theme. Er. Kumar explained the
origin of river Kosi and described various works being undertaken under ongoing Bihar
Kosi Flood Recovery Project and proposed Bihar Kosi Basin Development Project. He
recalled the great achievement by Bihar engineers of Kosi Breach closure in 2008 within
a record time of three months.

7.3 Mr. Arun Kumar Singh, Principal Secretary, WRD highlighted the different work
being undertaken in the field of flood risk management. He applauded the efforts under
World Bank assistance whereby the issues of flood risk management have been addressed
properly in recent times. He opined that knowledge and soft components may be
replicated in other river basins also. He stressed on the need of data sharing in the Nepal
region and apprised the gathering with different upcoming events in this field. He
conveyed that WRD is trying for advancement in irrigation sector also employing new
technology as in other advanced countries.

7.4  Dr. Deepak Prasad, Principal Secretary, Planning and Development Department
cum Management Director, hailed the World Bank assistance which has now begun to
show good impacts of works in the field of Housing, Bridges, Roads, etc. under Bihar
Kosi Flood Recovery project.

7.5 Mr. Gajanan Mishra, Joint Secretary, WRD, Bihar also addressed the gathering,
describing the long history of Kosi river management.

7.6  Sri Bijendra Prasad Yadav, Honorable Minister, Energy and Commercial Taxes
Department, and past Minister of Water Resources Department, in his special remarks
highlighted the ground problems of Kosi basin and said that nature, character and
behavior of river Kosi and other Himalayan rivers should be studied. He suggested that
work at micro level is needed with the help of latest technology. He stressed the need for
the Centre of Excellence in Bihar in order to solve water management issues and
requested the Centre to organize a wider international conference on this matter.
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7.7 In inaugural address, Sri Rajiv Ranjan Singh, Honorable Minister, Water
Resources Department, said that the topic of the subject is a challenge in the context of
Bihar, where better water management is required to address both flood and drought
problems. He stressed the need for developing a Flood early warning system, SCADA
system and study of nature and behavior of rivers. He also emphasized the need of
establishment of Centre of Excellence in Bihar which is underway in BKFRP/BKBDP.

7.8  Dr. Satya Priya of World Bank highlighted the several ongoing and upcoming
events in Bihar with the assistance of World Bank and assured of all help from the World
Bank side.

7.9 In this workshop four technical sessions were conducted, which covered 16
presentations. Key decision makers in Water Resources Department, representatives from
other flood-prone states, Central government agencies, and academia participated in the
workshop. On the first day, under the aegis of SAWI trust fund a special technical session
on the subject matter of “Flood Forecasting and Early Warning” was organized to
improve the flood risk management capacity in Bihar. In this session, experts from India,
World Bank and other countries presented their experience and recommendations. The
speakers included Dr. Satya Priya, World Bank; Sri Dilip Kumar Gautam, RIMES,
Thailand; Dr. Diganta Burman, NESAC, Assam; Mr. Anil \WWas, Bhakra Beas
Management Board; Dr. Apichon Witayangkurn, University of Tokyo; Dr. Mandira
Shrestha, ICIMOD, Nepal; Dr. Vimal Mishra, T Gandhinagar; and Dr.
S.Thiurvengadachari, Flood Management Consultant. On the second day, three technical
sessions were completed. The session on “River and Sediment Management” was
followed by sessions on “Knowledge Management” and “Upcoming Projects” of FMISC,
WRD. Mr. Nagan Prasad expressed hope that the valuable suggestions, ideas, experiences
and techniques shared by experts during the workshop will improve flood risk
management in Bihar.
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VIIl. Way Forward

Dr. S. Thiruvengadachari, Flood Management Consultant

8.1 A strong recommendation from the workshop is the use of non-proprietary and
license-free flood forecasting and inundation mapping software for cost-effective and
rapid scaling up of models to river basins in Bihar and elsewhere. It is also essential to
organize up-front the critical data needed for modeling- historical rainfall and river flow
data, river cross-sections, and flood plain DEM, while operational run of model would
require assured access to timely meteorological and hydrological data. Arrangement
needs to be in place for upgrading the model input data including hydrologic and
hydraulic data and model setup. Longer lead time would require short-to-medium range
ensemble meteorological forecast and real-time data from upstream gauge sites.
Ensemble rainfall forecasts and satellite based rainfall estimates are increasingly used in
lieu of single source values to improve reliability. Synergy with flood models and outputs
being developed/operated by national and regional agencies in upstream trans-boundary
basins would improve forecasts downstream basins in India. Effective early warning can
be facilitated by the use of Call Data Records, to send flood alerts to likely affected
communities and to track people movement in the area for targeted emergency flood
management. Sustainable flood management program would call for development of a
cadre of flood modelers with assured career path and incentives, continued skill
upgrading, and institutional support.

8.2 The analysis of river morphological changes in Kosi system shall be extended to
other basins in Bihar, to predict annual changes in embankment vulnerability, embayment
between spurs, and the identification of active channel for effective timely strengthening
of flood protection works. The satellite based model shall be complemented by the 1D &
2D Hydrodynamic and 1D Sediment Transport Models set up under the Master Plan
consultancy. The Master Plan for River and Sediment management would provide the
framework for taking up short-term and long term activities within the integrated river
management action program. The Embankment Asset Management System supports
rational management of these expensive assets and prolongs operational services and
useful life. This should be extended to other basins in Bihar. Community participation for
embankment surveillance shall be promoted and expended to other river basins, to pride a
sense of ownership and involvement by the likely -affected communities.

8.3 Structured knowledge base such as the Ganga Flood Risk Atlas and multi-theme
GIS data sets of Bihar State effectively support the entire life-cycle of flood risk
management, from prioritizing, planning to preparedness to flood relief, rehabilitation
and reconstruction. The knowledge bases obviously need to be kept updated with new
and better information through the years, and expanded in multiple levels for varying
applications. Linkage with other national and State level databases shall be encouraged.
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8.4 Similar activities in upcoming projects would need to be formulated taking note
of the insights and recommendations arising from this workshop. Development of a
standard development template for flood forecasting and early warning system, Real
Time Data Acquisition System, Embankment Asset Management System and community
participation, river morphological prediction, and Centre of Excellence for Modeling for
cost-effective and rapid customizing in basins in Bihar and other States.
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Appendix A:  Workshop Agenda

Improving Flood Risk Management in Bihar

Expert Consultation Workshop

Bihar Aapda Punarwas Evam Punarnirman Society and Water Resources
Department, Bihar in collaboration with the World Bank

Venue: Hotel Maurya, Patna
Date: February 18-19, 2016

DAY ONE- 18 February 2016

Time

Session Names

09:30

10:00 | Registration

Inauguration

10:00 | 10:15 | Welcome address and Introduction to the theme of | Er. Indu Bhushan Kumar, Chief
workshop Engineer, Planning and Monitoring,
WRD, Bihar
10:15 | 10:20 | Presentation of bouquet to Hon’ble Ministers,
Principal Secretaries & other Dignitaries
10:20 | 10:25 | Lighting of the Lamp by Hon’ble Ministers &
dignitaries
10:25 | 10:35 | Address by Dr. Deepak Prasad, Principal Secretary,
Planning & Development/Project Director,
BAPEPS
10:35 | 10:45 | Address by Sri Arun Kr. Singh, Principal Secretary,
WRD
10:45 | 10:55 | Managing Kosi _ Past Experience Mr.Gajanan Mishra, Joint Secretary,
WRD, Bihar
10:55 | 11:10 | Special Address by Sri Bijendra Prasad. Yadav,
Hon’ble Minister, Energy & Commercial Taxes,
Govt. of Bihar
11:10 | 11:25 | Inaugural Address by Sri Rajiv Ranjan Singh,
Hon’ble Minister, WRD & Planning and
Development, Govt. of Bihar
11:25 | 11:40 | Workshop Expectations Dr. Satya Priya, World Bank
11:40 | 11:45 | Vote of Thanks Mr. Narendra Pd. Mandal, 1.A.S.,
Addl. Project Director, BAPEPS
11:45 | 12:00 | Tea

TECHNICAL SESSION 1 : Flood Forecasting and Early Warning

12:00 | 12:30 | South Asia Water Initiative (SAWI) Project- Dr. Satya Priya, World Bank
Strengthening Flood Modelling Capacity in Bihar

12:30 | 13:00 | Enhancing Hydrological Forecast using Weather Dr. Dilip Kumar Gautam, RIMES,
Forecast Ensemble Prediction System Bangkok

13:00 | 13:30 | GIS based operational flood forecasting for early Dr. Diganta Barman, Project
warning in North East India Manager, NER-DRR, NESAC

13:30 | 14:30 | Lunch
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TECHNICAL SESSION-

I (Continued)

14:30 | 15:00 | Real Time Decision Support System for River Mr. Anil Was, BBMB
Satluj and Beas
1500 1530 | Real Time Streamflow Monitoring and Simulation | Dr. Vimal Mishra, 11T, Gandhinagar
for River basins
15:00 | 15:30 | Application of cell phone data record for flood Dr. Apichon Witayangkurn,
warning and monitoring system University of Tokyo
15:30 | 16:00 | Flood forecasting in Nepal river basins Dr. Mandira Shrestha, ICIMOD
16:15 | Flood forecasting in north Bihar-Challenges and Dr. S.Thiruvengadachari, Consultant
16:00 opportunities
16:15 | 17:00 | Panel Discussion Dr. Satya Priya, World Bank, Dr. S. T.
Chari, Consultant, Mr. S. K. Sahu,
CE, LGBO, CWC Mr. AK. Sen,
Director, IMD

DAY TWO- 19 February 2016

Technical Session II: River and Sediment Management

09:30 | 10:00 Modelling River Morphological Trends Mr. Sudipta Kumar Hore, Centre for
Environment and GIS (CEGIS),
Bangladesh
10:00 | 10:30 Master Plan for Flood and Sediment Mr. Bibash Kumar, URS Scott Wilson
Management Dr. Fleming Jacobsen, MD, DHI
India
10:30 | 11:00 Embankment Asset Management System in Mr. Rajesh Kumar, CGM, LEA
Kosi Basin Associates South Asia Pvt. Ltd.
11:00 | 11:30 Community Participation in Embankment Mr. Rashid Wakil, JPS Associates
Surveillance in Kosi Basin (P) Ltd.
11:30 | 12:00 Tea

TECHNICAL SESSION

I11: Knowledge Management

12:00 | 12:30 Ganga Basin Risk Atlas Dr. Satya Priya, World Bank

12:30 | 13:00 GIS Database of Bihar Mr. Sanjay Kumar, GIS Specialist,
FMISC

13:00 | 14:00 Lunch

Technical Session 1V : Upcoming Projects

14:00 | 14:15 Kosi Basin Development Project Mr. Anil Kumar, Deputy Director,
FMISC

14:15 | 14:30 National Hydrology Project Dr. Saroj Kumar Verma, Deputy
Director, FMISC

14:30 | 15:30 Open Discussion

CONCLUDING SESSION

15:30

16:00

Wrap up of Workshop, Way Forward and Vote
of Thanks

Er. Nagan Prasad, Joint Director,
FMISC
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